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.Ahs-tcaat... 
This study Investigated two questions pertaining to the 
affect of microcurrent velocity on net spinning in caddisflies 
of the family Hydropsychidae. Firstly, do caddisflies 
preferentially select certain microcurrent velocities? Secondly, 
do caddisflies alter net charcteri3tics in response to different 
microcurrent velocities? Tne study was done in an experimental 
stream with photoperiod and temperature fixed at summer 
conditions. Fourty-two microcurrent velocities were measured in 
identical locations with a heated-bead thermistor prior to the 
introduction of the larvae. 
Photographs of the .nets in the water were used to measure 
the peripheral net area, central net area, and total net surface 
area, and to calculate the peripheral to central net area ratio 
(P/C), the area of a single mean peripheral mesh opening, and 
area of a single mean central mesh opening. The nets were placed 
on a slide with glycerine, from which the thread diameters were 
measured. The larvae corresponding to the nets were identified 
and their head widths were measured. Only nets of 4thinstar 
Hydropsyane morosa were used in the statistical analysis. 
Correlation analysis was used to determine the degree of 
association between each net characteristic, head width, and 
current velocity. The normalized and non-normalized number of 
nets, as well as the number of times a given velocity occurred in 
1 
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a .5cm/sec velocity interval were plotted vs. velocity as      " 
frequency histograms. The G-test was used to determine whether 
the net and velocity frequency distributions were significantly 
different. 
Central net area was the only characteristic significantly 
correlated with velocity (p£.01).  Central net area was 
negatively associated (r=-.'482) with velocity, which accounted 
for 24% of the variability in this characteristic.  None of the 
net characteristics ware significantly associated with head width 
(p>.05). 
The significance of P/C was due to central net area, since 
peripheral net area was not significanlty associated with 
velocity. The velocity frequency distribution and net frequency 
distribution were found to be significantly different (p£.01), 
suggesting a preference for current velocities, between 8.5cm/sec 
» 
and 11.5cm/sec. Fourth instar H. morosa altered the central net 
area and showed a preference for microcurrent velocities between 
8.5 and 11.5cra/sec. 
Introduction 
Purpose 
The order Trichoptera (caddisflies) is one of the largest 
and most ecologically diverse of the aquatic insect orders (Hynes 
1970a and b, Martin et al. 1981, Wallace and Merritt 1980). 
Present throughout the world (Hynes 1970b, Wiggens 1977), 
trichopterans exploit a variety of aquatic habitats such as 
coldsprings, both permanent and temporary streams and lakes 
(Imhof and Harrison 1980, Wiggins 1973), and salt marshes 
(Sutcliffe 1961a,b,1962).  In lotic systems, the net-spinning 
trichopterans (Family:Hydropsychidae) are numerically the most 
n 
predominant group (Hauer and Stanford 1981, 1982, Parker and 
Voshell 1983, Wallace and Merritt 1980) comprising 80% of the 
Trichoptera in North American streams (Roback 1962 in Gordon and 
Wallace 1975, Wallace and Merritt 1980). 
The importance of the net-spinning caddisflies 13 considered 
to be two-fold. Firstly, because of their large numbers these 
caddisflies contribute significantly to the zoobenthic bioraass 
(Cudney and Wallace 1980, Hauer and Stanford 1981, 1982, Parker 
and Voshell 1982, Resh 1975), and are important components in the 
diets of many fish 3uch as trout and dace, and carnivorous 
insects (McCullough et al. 1979, Parker and Voshell 1982, Re3h 
3 
1975). Secondly, the Hydrop3ychidae are important participants 
in the processing of energy in lotic systems (Wallace et al. 
1977). 
The net-3pinning caddisflies filter particulate organic 
matter (alge, detritus, and animal material) from the 
water, helping to decrease the rate at which organic material and 
nutrients are carried downstream. The assimilation efficiency of 
filter-feeder3 is considered to be low, and 3ince caddisflies 
capture more particles than necessary for their metabolic 
requirements most of the material is passed unmodified.  This 
unmodified material becomes part of the detritus pool where it is 
used as food by other collectors and detritivores (Georgian and 
Wallace 1981, Hauer and Stanford 1981, 1982, McCullough et al. 
1977, Parker and Voshell 1982, Wallace and Merritt 1980, Wallace 
et al. 1977).  Net-spinners do not actually decrease the amount 
of particulate matter in the water since they remove less than 1% 
of the particles passing over them. Their major impact is to 
lower seston (living plankton and non-living particulate matter) 
•ial (Fuller et al. 1983, quality by producing detrital materi 
Haefner and Wallace 1981, Parker and Voshell 1983). 
Although important to the aquatic ecosystem, net-spinning 
caddisflies can be an annoyance to humans. The adult 
hydropsychids are a nuisance in the summertime,, when they 
3warm around lights and doorways and fly into the faces of the 
4 
citizens in nearby towns (Fremling 1960). The nets spun by the 
larvae cause a serious problem by clogging the intake siphons of 
hydroelectric power plants (Fremling 1960, Hiro 1956 in Haddock 
1977). 
A number of investigations concerning net-spinning in 
hydropsychid larvae have focused on how mesh size and surface 
area of nets reflect the current velocity in which they are found 
(Alstad 1982, Edington 1968, FulleV and Mackay 1980, Georgian and 
Wallace 1981, Malas and Wallace 1976, Philip3on 1954, 1969, 
Wallace 1975a and b, Wallace and Malas 1976, Wallace and Merritt 
1980, Wallace et al. 1977, Williams and Hynes 1973). Current 
velocity has been proposed by these investigators as the primary 
factor determining the location of caddisflies in a river system, 
since the net of each species is believed to maximize food 
capture and minimize damage from currents at specific velocities 
(Benke and Wallace 1980, Cudney and Wallace 1980, Edington 1965, 
1968, Fuller and Mackay 1980, Georgian and Wallace 1981, Gordon 
and Wallace 1975, Haddock 1977, Hauer and Stanford 1981, Neill 
1938 in Scott 1958, 03wood 1979, Philipson 1954, 1969, Scott 
1958, Wallace et al. 1977, Williams and Hynes 1973). According 
to Alstad (1932), net3 with large surface areas and meshes would 
be located in faster current velocities, and those with smaller 
/wvy*      surface areas and meshes located in slower current velocities, 
based on resource availability and filtration rate. Caddisflies 
5 
might compensate for low particle availability (found in the 
higher altitude head-water sites) by altering the net to filter a 
larger volume of water. However, Fremling (1960) found that 
surface areas of nets decreased with increasing velocities. 
These trend3 in net characteristics actually represent species 
distributions in a river system. 
Kaiser (1965) and Wallace et al. (1977) suggested that the 
arrangement of threads in the net is species and instar (insect 
form between molts) specific, the thread size, mesh size, and 
surface area increasing with instar and head size.  Species net 
characteristics have in fact been found to be inconsistent by a 
few investigators. Malas and Wallace (1977) in compairing three 
species of hydropsychids in a lower and a higher order stream 50 
mile3 apart, found net meshes in the lower order stream to be 
smaller.  Cuffney and Minshall (1981) discovered 5th instar 
Arctop3yche grandis (Fam:Hydrop3ychidae) had different mesh 
dimensions in Idaho and Colorado.  The surface area of nets for 
specific species and instar, have also been found to change with 
temperature (Fuller and Mackay 1980b, Philipson 1969), velocity 
(Pnilipson 1954), photopariod (Williams and Hynes 1973), and by 
undetermined c«au3es (Edington 1968, Fuller et al. 1983). 
Although nets of different species are believed to function 
optimally only at specific velocities, species with very 
different net designs have been found adjacent to each other 
6 
(Gordon and Wallace 1975, Hildrew and Edington 1979, Wallace et 
al. 1977). Current velocities differ significantly at the 
surface and the substrate (Haddock 1977). Thi3 gradient in 
velocity measurements suggests that though the surface current 
velocity may be constant, the microcurrent velocity at the 
substrate where the caddisflies are located, may vary and thereby 
allow the coexistance of different species. The velocity 
measurements found in the literature for field and laboratory 
studies pertain only to surface currrent velocities (Cudney and 
Wallace 1980, Edington 1968, Fuller and Mackay 1980, Haddock 
1977, Philipson 1954, 1969, Scott 1958, Wallace 1975a, Williams 
and Hynes 1973). 
Two questions were posed in this investigation based on the 
observations in the previously mentioned studies. Firstly, do 
net-spinning caddisflies of the family Hydrop3ychidae 
preferentially select certain microcurrent velocities? Secondl'y, 
do they alter net characteristics in response to different 
microcurrent velocities? 
Background 
The two insect orders Trichoptera (trichos=hair, pteron=wing 
in Greek) and Lepidoptera are believed to have diverged from a 
common ancestor some time in the Triassic (Ross 1964). The 
Trichoptera and Lepidoptera have similar life cycles in which 
they pass through three life stages; larval, pupal, and adult. 
7 
The major difference between the life cycles of these two orders 
is that the larval stage in the Trichoptera i3 completely 
aquatic.  All of the following information is in reference to 
*  
;
'-'   c,  
larvae of the Family Hydropsychidae unless otherwise designated. 
The adult caddisflies are mothlike, brown or gray in color 
and range in length from 1.5 to 4cm (Fremling 1960, Ross 1956, 
» 
Wiggens 1977). They do not feed and usually live 3 days, during 
which they mate and the females oviposite their eggs.  There is 
usually one to two days between mating and oviposition (Anderson 
1974 (Limnephilidae), Fremling 1960, Parker and Voshell 1983, 
Ross 1956). The females lay more than one egg mass below the 
surface of the water (Fremling 1960, Ross 1956, Scott 1958), and 
usually die within 1.5 days after oviposition (Fremling 1960). 
The eggs hatch into larvae within 8 to 25 days depending on 
tne species, temperature, and photoperiod (Hynes 1970a, Parker 
and Voshell 1983t Resh i960, Scott 1958). The larvae build a 
dwelling tube and a net used for- food capture, fixed to the 
substrate. They are omnivorous and feed on whatever particulate 
matter is caught in the net such as: detritus, algae, and animal 
matter. The larvae pass through five growth stages called 
instars, and at the 5th they spin a silk cocoon inside the 
dwelling tube or a specialy built pupal case. The ends of the 
pupal case are open to allow the water flow essential for 
respiration (Rhame and Stewarts 1976, Ross 1956, Sattler 1963). 
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Pupation lasts from 7 to 18 days (Rhame and Stewart 1976, Sattler 
1963, Scott 1958) after which the pupa cuts the case with well 
developed mandibles, swims to the surface, and emerges as an 
adult (Rhame and Stewart 1976, Ross 1956).  Emergence appears to 
be light and temperature dependent (Hauer and Stanford 1982, 
Malicky 1980 (Philopotamidae), 1981,Tobias 1967), and the 
majority of the adults are found in the early spring through fall 
at night (Fremling 1960, Resh 1975, Rhame and Stewart 1976, Scott 
1958, Svensson 1973, Wiggens 1977). 
Most net-spinning cadd'isflies complete one generation per 
year (univoltine), although this appears to be temperature 
dependent since a species can be univoltine or bivoltine 
depending on geographic location (Cudney and Wallace 1980, 
Malicky 1980, Oswood 1976, Parker and Voshell 1982, Scott 1958, 
Wiggens 1977).  Temperature, photoperiod, and food quality are 
perceived to have some influence throughout the life cycle 
(Anderson and Cummin3 1979, Cudney and Wallace 1980, Hauer and 
Stanford 1982, Hynes 1970a). 
The time spent in the pupal and adult stage combined is 
shorter than the time spent in the larval stage.  The following 
is a detailed description of the larval stage belonging to the 
family Hydropsychidae.  The net-spinning caddisflies (Super- 
family :Hydropsychoidea) are considered to be one of the more 
primitive groups within the order Trichoptera (Ross 1964).  This 
9 
study dealt with a member of the genus Hydropsyche, the largest 
genus within the Sub-family Hydropsychinae, Family 
Hydropsychidae.  Members of this family build fixed dwelling 
tubes of silk, leaf fragments, pebbles and sand, when available 
in the substrate.  The front and back of the tubes are open to 
allow water flow needed to bring dissolved oxygen in contact with 
the gills, which are found on the abdomen (Edington 1968, 
Fremling 1960, Haddock 1977, Mecom 1972, Philipson 1953, Sattler 
1963, Wesenberg-Lund 1911 in Noyes 1911, Wiggens 1977).  A net 
composed of double stranded silk extends forward from the mouth 
of the tube. 
The nets of the hydropsychids are stretched over a frame of 
leaf fragments (when available), or between rocks and pebbles in 
the substrate (Cuffney and Minshall 1981, Edington 1968, Fremling 
1960, Haddock 1977, Mecom 1972, Noyes 1914, Sattler 1955, 1963, 
Wiggens 1977).  The nets are angled with the substrate so that 
they are almost perpendicular to the flow, and are composed of 
two regions, central and peripheral.  The central region is 
closest to the mouth of the tube and the substratet  where the 
velocity is low due to the boundary layer. This region is 
composed of small rectangular meshe3 which are used for food 
collection.  The peripheral region is farthest from the mouth of 
the tube and the substrate, where it is at a higher velocity than 
the central region.  The peripheral region is composed of large 
10 
Irregular meshes and support strands which connect the net to the 
surrounding substrate (Cuffney-and Minshall 1981, Noyes 1914, 
Wallace 1975b) holding it in place much like flying buttresses. 
Philipson (1954) noticed that the central food catching region 
was regularly cleaned of debris, whereas the peripheral region 
frequently had silt accumulated on it. 
Building of the net and dwelling tube usually takes from 
2.5-J hours, with one hour spent on the tube and the rest on the 
net (Noyes 1914).  Noyes (1914) observed that the order of 
construction of the two net regions varied.  Sattler (1955), 
however, described the placement of the threads as a figure 8, 
with the central region produced first and the peripheral portion 
filled in later.  The nets have been found to be highly variable, 
and Fremling (1960) claimed that no one description of a net 
could be given per species and Rharae and Stewart (1976) found 
that net size varied with suitable attachment sites. 
The double stranded silk forming the net is produced in 
paired silk glands and extruded through the spinnerets found on 
the labium (Aim 1955 in Fremling 1960, Cuffney and Minshall 1981, 
ing~ster 1976a and b, Glass and Bovbjerg 1969, Hynes 1970b, Noyes 
1914, Sattler 1955).  The silk is composed of two materials, an 
outer acidophilic layer which has been likened to sericin found 
in the silk of the silk worm Bombyx morl, and an inner basophilic 
portion positive to protein stains (Engster 1976a and b, Fraser 
11 
and KacRae 1973. Lucas et al. 1958, Senti 1947).  The exact 
composition of these two layers is unknown. The double strands 
are formed as the silk from the two glands unite in a common duct 
before the 3pinneret (Engster 1976a and b, Lucas et al. 1958). 
The extruded silk is an insoluble beta-pleated sheet protein 
structure, and is produced from the soluble alphaTConfiguration 
silk solution found in the glands. Shear and stress'are the two 
mechanisms believed to convert the silk from the soluble to the 
insoluble form. Shearing operates when the liquid silk moves 
from the large ducts leading from each silk gland to the narrow 
common duct before the spinneret. Stress is produced when the 
thread is stretched from the spinneret as the head is pulled 
sideways (Ambrose et al. 1951, Dobb et al. 1967, Engster 1976a 
and b, Fraser and MacRae 1973, Lucas et al. 1958, Mercer 1951, 
Ramsden 1938, Senti  1947). 
Unlike the silk of Bombyx mori which is composed primarily 
of snort side chain amino acids; glycine, alanine, and serine, 
caddisfly silk has more long side chain amino acids. The three 
most abundant amino acids found in caddisfly silk, listed in 
decreasing order of abundance are glycine, 3erine, and 
arginine. The amino acids of Bombyx mori are arranged in two 
characteristic regions, a highley crystalline region composed of 
short side chain amino acids, and an amorphous region composed of 
long side chain amino acids. The great strength and elasticity 
12 
of silk is attributed to the crystalline and amorphous regions 
respectively.  The amorphous region is also the site of water 
absorption (Fraser and MacRae 1973, Lucas et al. 1958, Senti 
1947).  The silk of caddisflies belonging to the Family 
Limnephilidae was found by Engster (1976a and b) to be less 
crystalline and more amorphous than silkworm silk (using X-ray 
diffraction), therefore absorbing more water.  The greater 
absorptive capacity of caddisfly silk is possibly an adptation to 
the underwater environment (Engster 1976a and^b). 
Tne actual spinning of the net has been observed by Aim 
(1925 in Freraling I96O) and Sattler (1962).  The larva presses 
its labium to the substrate, then turns its head and while doing 
so the thread is pulled out of the labium and pressed to another 
part of the substrate.  Freshly spun silk appears white, sticky 
and pliant, but after a few hours it turns tan, transluscent and 
becomes stiff (Aim 1925 in Fremling 1960). 
Kaiser (1965) suggested that the mesh dimensions are 
determined by the dimensions of the mouthparts such as the    * 
distance between the maxillary palps, and between silk gland 
openings in the submentum.  A new net is constructed for each 
instar, resulting in an increase in mesh and surface area.  The 
case remains the same but is enlarged anteriorly (Cuffney and 
Minshall 1981, Williams and Hynes 1973). Mesh sizes in the sub- 
family Hydropsychinae range from the largest found in the genus 
13 
Arctgpsyche (M03X53Mum in 5th A. Irrorata, Wallace et al. 1977) 
to the smallest mesh^ found in Macronema (5X40um in 5th M. 
Carolina, Wallace and Sherberger 197*0. In the genus 
Hydropsyche, H. orris 5th has the smallest mesh (63X137um, 
Wallace et al*. 1977) and H. sparna has some of the largest 
(180X270um, Wallace et al. 1977). Mesh 3izes and surface areas 
for other species can be found in Edington 1968, Georgian and 
Wallace 1981, Malas and Wallace 1977, Parker and Voshell 1983. 
Sattler 1963, Wallace 1975a and b, Wallace and Malas 1976, 
Wallace and Sherberger 1974, 1975. 
Several studies have considered the relationships between 
net spinning and such factors as current velocity, season, 
temperature, longitudinal distribution along rivers, and food 
capture. There appears to be some disagreement regarding net- 
spinning in the winter.  In general, net spinning is dependent on 
the winter temperature of the region.  In warmer regions such as .. 
Georgia net-spinning occurs though it is less frequent, and does 
not exist for the same species in northern areas such as Ontario. 
•Grazing on epilithic algae replaces net capture as a means of 
obtaining food during the winter in the colder regions.The 
hydropsychids are probably not efficient as grazers since only 
the thorax extends out of the case, permitting only the area 
immediately surrounding the dwelling tube to be grazed (Cudney 
and Wallace 1980, Cuffney and Minshall 1981, Fuller and Mackay 
14 
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1980b, Noyes 1914, Rharae and Stewart 1976, Williams and Hynes 
1973). Nets produced at colder temperatures (2 C) have been 
found to be smaller than those at warmer temperatures (18-20°C) 
independent of velocity (Fuller and 1980a, Philipson 1969. 
Williams and Hynes 1973). Winter photoperiod has also been found 
to decrease net-spinning (Fuller and Mackay 1980a), and in 
general more nets are spun in the summer and fall than the winter 
and spring (Williams and Hynes 1973). 
There are two theories on the evolution of different mesh 
and net sizes in the Hydropsychinae, one concerning partitioning 
of food and the other spinning site competition (Thorp 1983). 
According to the first theory different mesh sizes evolved to 
partition the limited food source (seston), thereby allowing 
coexistance of different species. Larger meshes would function 
in faster water and collect larger particles such as animal 
matter, leaving the smaller particles to be caught by the smaller 
meshes in the lower currents downstream. The filtering 
efficiency would be maintained by the large mesh in fast 
velocities and small meshes in slow velocities (Alstad 198,2, 
Benke and Wallace 1980, Fuller and Mackay 1980b, Georgian and 
Walace 1981, Hauer and Stanford 1982, Scott 1958, Thorp 1983, 
Wallace et al. 1977, Wiggens 1977). According to the second 
theory, site competition was the driving force behind net 
differentiation. The dominant caddisflies outcompeted and drove 
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the Inferior competitors Into the less preferred habitat of the 
slower currents. 
The first theory has two assumptions which are unsupported 
by recent literature, first that food is limiting, and second 
that the only food capturing mechanism Is sieving, which 
restricts the particles captured to those larger than the mesh 
openings (Rubenstein and Koehl 1977).  Food quality not quantity 
is believed to be limiting since caddisflies utilize such a small 
amount of the particulate matter passing over them (Fuller and 
Mackay 1980b, Fuller et al. 1983, Georgian and Wallace 1981, 
Haefner and Wallace 1981, Hlldrew and Edington 1979, Parker and 
Voshell 1983, Thorp 1983).  Great overlap has been found in the 
size of food eaten by different species and instars despite the 
size of the mesh.  This suggests capture mechanisms other than 
sieving, such as direct interception are functioning (Rubenstein 
and Koehl 1977).  The silk strands are sticky and therefore 
particles smaller than the mesh opening (diatoms and bacteria) 
can be caught by adhering to~%he strands (Fuller and Mackay 
1980b, Georgian and Wallace 1981, Haefner and Wallace 1981, 
Hildrew and Edington 1979, Malas and Wallace 1977, Thorp 1983, 
Williams and Hynes 1973).  Diatoms, bacteria, and fungal hyphae 
have also been found growing on the silk strands and possibly 
serve as a food source (Cuffney and Minshall 1983, Malas and 
Wallace 1977). 
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The second theory depends on aggressive behavior which has 
oeen observed by Glas3 and Bovbjerg (1969) and a means of spacing 
possibly by stridulation (Edington 1965, Hildrew and Edington 
1979, Hynes 1970b, Thorp 1983) but most likely due to 
hydrodynamic problems involved with placing nets directly behind 
each other.  Nets are spaced so that one is never directly 
downstream of another, although they do touch on either side.  By 
doing this the larvae avoid the current shadow produced by 
another net and ensure that the same water is not filtered twice 
(Edington 1965, Hynes 1970).  Availability of substrate has been 
found to be limiting in some river systems (Benke and Wallace 
1980, Cudney and Wallace 1980, Haefner and Wallace 1981, Williams 
and Hynes 1973). 
Net-3pinning caddisflies have been described as eclectic in 
their food habits (Gray and Ward 1979).  They are omnivorous, 
selecting higher quality food items such as animal matter and 
diatoms caught in the net over the lower quality detritus (Benke 
and Wallace 1980, Edington 1968, Fuller and Mackay 1980b, Haefner 
and Wallace 1981, Mecom 1972, Parker and Voshell 1983, Philipson 
1953, Scott 1958, Slack 1936). Fuller and Mackay (1981) found 
the greatest larval growth occured on a diet of animal matter, 
slightly lower growth for diatoms, and lowest for detritus. 
Although detritus is usually the most abundant food item found in 
the guts of net-spinning caddisflies (52% detritus, 36% animal, 
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12% algae, Benke and Wallace 1980), It has a lower assimilation 
efficiency than animal matter or diatoms.  Hydropsychinae have a 
gastric mill to crush diatoms whioh permits their digestion. The 
food material found in the gut appears to be seasonal, animal 
prey predominates in the spring and summer, diatoms in the fall 
and winter, and detritus is found year round (Fuller and Hackay 
1980b, 1981, Hauer and Stanford 1981, Mecom 1972, Noyes 1914, 
Rhame and Stewart 1976). 
Feeding behavior is similar for all Hydropsychinae and most 
activity occurs at night (Hynes 1970, Gallepp 19J4).  They extend 
the thorax from within the tube and sweep the net clean by moving 
the head from side to side.  The thick cluster of bristles on the 
outer edges of the labrum remove microscopic particles and the 
bristles of the pro-thoracic legs and mandibles are used to grasp 
the tube and silk (Fuller and Mackay 1980b, Glass and Bovbjerg 
1969, Noyes 1914, Philipson 1953, Sa'ttler 1963). The. larvae 
usually lie with their ventral side up, the hooks of the anal 
prolegs fastened to the roof of the tube (Noyes 1914, Philipson 
1953).  Inedible particles are removed from the net and pushed 
out into the current or moved to a more conventient place and 
cemented down (Philipson 1953).  No differentiation has been made 
between the particle selection of the net (Fuller et al. 1983) 
and that of the feeding appendages. 
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Several ecological studies have been carried out concerning 
caddisflies. Glass and Bovbjerg (1969) found the dispersal of 
caddi3flies to be dependent on the density of larvae in the 
substrate, settlement of displaced individuals increasing where 
the density of larvae was lowest.  Several investigators have 
noted a longitudinal change in species down a river system 
(Alstad 1982, Edington and Hildrew 1973, Gordon and Wallace 1975, 
Hauer and Stanford 1982, Ko3lucher and Minshall 1973, Marinkovic- 
Gospodnetic 1966, Mecom 1972, Williams and Williams 1979). 
Impoundments have been found to affect caddisfly distribution; 
filter-feeders are usually more abundant below the outlet (Hauer 
and Stanford 1982, Oswood 1976, 1980, Parker and Voshell 1982, 
1983). McClelland and Brusner (1980) observed sedimentation to 
have an effect on caddisfly distribution.  Several studies have 
shown that the availability of substrate determines the density 
of caddisflies (Benke and Wallace 1980, Cudney and Wallace 1980, 
Haefner and Wallace 1981, Williams and Hynes 1973). 
Few physiological studies have been performed with net- 
spinning caddisflies;.  Peterson and Peterson (1983) found net- 
spinning anomalies occured in water subjected to heavy metal 
contamination.  Decamps et al. (1973) exposed net-spinning 
caddisflies to DDT, Dieldrin, and Cu and found structural changes 
in the nets similar to the distortions in symmetry, size and 
regularity induced by drugs in spiders.  Martin et al. (1981) 
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investigated the digestive enzymes of caddisflies. Fuller and 
Mackay (1980b) and Howell and Voshell (1982) found an increase in 
metabolic rate with increased temperature and body weight. 
Sattler (1963) and Norris et al. (1964), observed undulation of 
the abdomen to be a means of increasing oxygen utilization. 
Sutcliffe (1961a,b,1962) studied osmotic regulation in several 
species of caddisflies. 
^ 
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Previous Work dn  Current Velocity -"*■ 
Current velocity is believed to be an important limiting 
factor in the distribution of Hydropsychinae (Benke and Wallace 
1980,   Cudney and Wallace  1980,   Haefner and Wallace  1981), 
3ince certain species are found within specific surface current 
velocities.    Williams and Hynes  (1973)  and Slobodchikoff and 
Parott  (1977)  found an increase  in diversity and number of 
individuals in faster currents.    Though current is important, 
many of the net-spinners are found under the shelter of rocks and 
between crevices where the current velocity has never been 
measured  (Howard   1886,   1901  in  Noyes   1914,  Scott  1958).     Edington 
(1965,1968) using a special current meter   1cm.  in diameter 
(Edington and Molyneaux   1960)  in  a laboratory stream,  found that 
the percentage of Hydropsyche in3tabilis spinning nets increased 
with increasing velocity (20% at   10cm/sec  and 75'% at  20cm/sec). 
Abnormal nets were observed at low velocities by Edington  (1965) 
and  Philip3on  (1954).     Edington  also observed that H.  instabilis 
would move to a region of faster  flow within 48 hours,  if the 
velocity in a section of stream decreased.     How the larvae locate 
the appropriate current velocity is unknown, although Kaiser 
(1965)  suggested  that the direction of the current isf'sensed by 
special  setae on the top of the head.     Haddock (1977)  found a 
preference for lower current velocities in the spring and  faster 
in the summer.    The choice of current velocities could be 
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influenced by the oxygen supply, faster currents needed to supply 
enough oxygen in warmer water. J 
Philipson (1969) found temperature and current velocity 
affected net-spinning and net size in 5th instar H, instabilis. 
Dissolved oxygen did not affect net-spinning.  At all velocities, 
an increase in temperature up to 12 C produced an increase in the 
number of nets spun, above which there was a decrease.  Although 
fewer nets were spun at the higher temperature, they were larger 
in size.  At constant temperature there was an increase in the 
number of nets spun as the velocity increased, though it was not 
proportional to the velocity increase,  Philipson believed 
something was influencing net-spinning along with velocity. 
Fuller and Mackay (1980a) got similar results using several 
species of Hydropsyche.  These investigators observed velocities 
U3ed for spinning in the laboratory were lower than those 
measured out in the field (with an Ott meter).  Fuller et al 
(1983) assumed that the surface current velocities were greater 
than thosa at the substrate due to the boundary layer.  Cudney 
and Wallace (1980) identified three surface current velocity 
ranges (10-25cm/sec, 25-50cm/sec, 50-75cm/sec) using a Gessner 
bag meter (Gessner 1950) that were occupied by different sets of 
caddisflies.  These investigators found species with larger 
meshes and surface areas in faster currents, and smaller meshes 
in lower current, but there was great intermixing in all velocity 
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ranges.  The intermixing of sizes was attributed to the diversity 
of the substrate, the more diverse and variable it is the more 
likely oaddisflies of different net sizes will coexist. 
The coexistance of different net-spinners might be due to 
the range of microcurrent velocities found at the substrate. 
Scott (1958) also found three velocity ranges with different 
net-spinners and attributed this partly to food, but mostly to 
velocity differences which he measured by timing a float, and a 
modified Pitot tube (Welch 1948).  Oswood (1979) found velocity 
preferences in 3 species of hydropsychid caddisflies, 72% of all 
Hydropsyohe occidentalls larvae were found between 60-74cm/sec, 
whereas only 22S and 26% of H. cockerelll and Cheumatopsyche 
gracilis occupied this range and were found in faster 
velocities.  Fuller et al. (1983) in their study of the particle 
distribution on nets in a laboratory stream, found 5th instar 
Hydropsyche betteni built nets of different sizes though they 
were at the same temperature and free stream velocity.  The 
distribution of the nets appeared random with regard to the 
particles captured.  The authors believed that the initial 
placement of the nets was due primarily to microcurrent velocity 
preferences which were not measured in this study. 
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Materials and Methods 
The study of the relationship between microcurrent 
velocity and net-spinning in the family Hydropsychidae was 
performed in a laboratory 3tream.  The stream was designed to 
control for two factors known to affect net-spinning: photoperiod 
and watler temperature. 
Collecting Site 
The Hydropsychinae used in the study were colleced from the 
Bushkill Creek located in Northampton County, Pennsylvania (fig. 
1).  The Bushkill Creek is a lower order stream with a drainage 
basin of 198.4 square kilometers (fig. 2).  The creek has nine 
tributaries and the main branch is 34.5 kilometers long (Dept. of 
Army 1972).  Originating from the southern slope of the Blue 
Mountain, the Bushkill flows to the southeast over shale, 
siltstone, and carbonate rock. The Bushkill joins with the 
Delaware River in Easton, Pennsylvania.  The maximum discharge 
measured in 1972 was 14.5m /sec on June 26, and the minimum was 
•056m /sec on August 24 (Young et al. 1972). 
The collecting site was at the juction of Stocker Mill Rd. 
and Bushkill Drive, approximately 3 kilometers from the city of 
Easton (fig. 2).  At the collecting site the creek was 
approximately 18.3 meters wide, and was surrounded by trees on 
the west bank and low lying grasses on the east bank.  The riffle 
area sampled was 21cm deep. It had a surface current velocity of 
24 
FIGURE 1.  Location of Northampton County in eastern 
Pennsylvania. 
25 
DELAWARE 
RIVER 
& FIGURE 2. Location of sampling site (•) within the 
Bushkill Creek drainage basin. 
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75om/sec, and a velocity of 66om/sec at 10.5 cm above the 
substrate (measured with a Teledyne Gurley Pigmy Current meter). 
The substrate was composed of sand, pebbles and small to medium 
sized rocks no greater than 20cm in length.  The pH was recorded 
by Bradt (1971) as ranging from 7.2-8.8 throughout the year. 
Diatom3 were found to be the dominant algae from January through 
June by Bradt (197*0, after which Cladophora became dominant. 
Hydropsyche was found to be the most numerous invertebrate in the 
section of the stream, ranging from 2227 individuals per square 
meter in July to 1302 individuals per square meter in December 
(Bradt 1974). 
Collection of larvae 
Hydropsychinae were picked off the rocks in the riffle area 
without separating the genera.  The organisms were placed in jars 
and transported back to the lab.  Collecting occurred every two 
weeks from 6/3/83 to 12/13/83. The caddisflies were placed 
either in a holding tank or in the experimental stream. 
Experimental Stream De3lgn 
A holding tank (fig. 3) was set up to test the reaction of 
the Hydropsychidae to the water source used for the experimental 
stream.  The water source was a 3pring water system connected to 
the building which housed the experimental stream.  The water was 
filtered with a 50um Dirt/Rust filter to remove sediments.  The 
holding tank was composed of a 25X50cm glass tank, within which 
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FIGURE 3. Diagram of holding tank: A. glass pan, B. power 
pump, C. metal trough, D. copper cooling coils, 
E. glass jars, F. fiberglass screen. 
28 
was a 23cm oblong glass pan (fig. 3,A) placed on top of two . 95L 
glass jars (fig. 3,E). Glass slides were stacked on one jar to 
create a sloping surface, increasing the velocity of the water 
flowing over the pan.  The pan wa3 lined with fiberglass 
screening extending 5.1cm above the top (fig. 3,F) to prevent 
movement of the larvae.  Leaf fragments, gravel, sand, and small 
stones 10-20cm long were placed on top of the screen in the dish. 
A high power filter (Hartz Mt.) simulating stream flow (fig. 3,B) 
was placed on the side of the tank with stainless steel troughs 
(fig. 3.C) 2.6cm wide extending from the filter to concentrate 
the water flow into the pan.  The tank was filled with spring 
water and lined with copper cooling coils (fig. 3|D), also filled 
with spring water to prevent over-heating of the water.  The top 
of the tank was enclosed in a fiberglass screen supported by a 
metal frame to prevent loss of emerging adults.  The 
hydropsychids were placed in the pan at 4:00 PM; and by 8:00 AM 
the following morning the organsims had attached tubes to the 
rocks and spun nets. The water was not considered to have an 
adverse affect on the larvae since nets were spun and no dead 
larvae were found.  Three weeks after the larvae were first 
placed in the tank (6/22/83) pupal cases were observed, and 
adults started emerging one day later. 
The experimental stream (fig. U.part 2) was composed of 
15.Hem PVC piping glued together with PVC cement, with the top 
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FIGURE 4.  Diagram of experimental stream and calibration 
channel: Part 1-calibration channel; A. plastic 
soda straws, B. lucite channel.  Part 2-experi- 
mental stream; A. pump, B. baffles, C. copper 
cooling coils, D. opening for fresh 6pring water, 
E. input channel, F. fiberglass screen, G. exper- 
imental channel, H. opening for reference probe, 
I. carbon-floss filter, J. overflow valve, K. 
gate valves. 
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half cut off.  The stream was composed of two channels 76.5cm 
long, the input channel (fig. 4,part 2, E) and the experimental 
channel (fig. 4,part 2, G).  The spring water entered at the 
input channel (fig. 4,part 2, E) and passed over a series of 
baffles (fig. 4,part 2, B) which dampened out the wave 
oscillation produced by the pump (fig. 4,part 2, A) and helped 
aerate the water.  The water also passed over copper cooling 
coil3 (fig.  4,part 2, C) filled with spring water to maintain 
constant temperature.  The water was recycled through the pump 
(fig. 4,part 2, A) but fresh water was trickled in at D.  The 
experimental channel (fig. 4,part 2, G) was bounded by fiberglass 
screening at either end (fig. 4,part 2, F) to prevent movement of 
the larvae, and filled with sand, pebbles and small rocks less 
than 12cm, taken from the sampling site.  Once the rocks were 
placed in the channel, their positions were not changed.  Upon 
exiting the experimental channel the water passed through a 
carbon-floss filter (fig. 4,part 2, F) before being recirculated 
through the pump.  An overflow valve (fig. 4,part 2, J) was 
located above the filter to maintain a constant water level.  The 
velocity of the water flowing through the channel was controlled 
with the gate valves (fig. 4,part72, K) located at the entrance 
and exit of the system. 
Above the stream were suspended two 1.2m long lamps, one 
fluorescent and one Sylvania grow lamp, set at a 14L:10D light 
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cycle representing summer photoperiod. The light seemed to be 
adequate for algal growth, and did not appear to be excessive 
since the algal mat covered all surfaces in the experimental 
stream. Originally the light cycle and water temperature were to 
follow the seasonal conditions of the sampling site, but were 
switched to summer conditions when the number of nets spun in 
preliminary runs decreased dramatically at the shorter 
photoperiod3.  All trials were done at 3ummer photoperiod and 
water temperature (19.5 C-20 C).  No food was introduced into the 
stream due to the predominance of diatoms, green algae, and blue- 
green bacteria indigenous to the spring water. 
Microcurrent Velocity Probe 
The probe used to measure the microcurrent velocities (fig. 
5,part 1) was a self-heated bead thermistor.  Two probes were 
actually used in this system.  The sensor probe, or velocity 
probe (fig. 5,part 1) was exposed to the current flow.  The 
temperature compensating probe (reference probe) (fig. 5,part 2) 
was encased in a brass shell (fig. 5,part 2. A) and was not self- 
heated.  The reference probe measured the ambient water 
temperature.  The thermistors used for the two probes were the"'::--~~l~t^ 
Fenwal UUD21J1 for the velocity probe and the UUA35J1 for the 
reference probe.  Both thermistors were less than 2.4mm in 
diameter. Assembly of the probes is detailed in Appendix 1. 
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FIGURE 5. Microcurrent velocity probe: Part 1-velocity 
sensing probe; A. thermistor bead, B. steel 
support wire, C. epoxy cement, D. silicon 
rubber aquarium cement, E. brass support. 
Part 2-reference probe; A. brass shell, B. 
thermistor bead, C. thermistor leads, D. steel 
support wire, E. brass support. 
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he heated bead thermistor measures velocity in a manner 
similar to hot-wire anemometry (Forstner and Rutzler 1969. Vogel 
1981).  The thermistor is self-heated electrically to maintain a 
t 
constant temperaturevabove ambient which is measured by the 
reference probe (fig. 5,part 2).  The self-heated thermistor 
losses heat at a rate dependent on the speed of the fluid passing 
by it (Vogel 1981). The power required to compensate for the 
amount of heat dissipated to the current and therefore maintain 
the constant temperature greater than ambient, is measured on a 
meter.  The use of a heated bead thermistor to measure veloctiy 
is based on King's law for cylindrical hot elements (Riedle and 
Machan 1972) and was first used to measure air and wind velocity 
by Krause (1956).  King's law deals with the heat exchange 
between a heated solid (the probe) and the surrounding liquid as 
a function of the velocity of the liquid and or the solid 
(Forstner and Rutzler 1969).  The rate of heat transfer to the 
medium is dependent on the physical properties of the bead and 
the water, the temperature difference between the bead and the 
water, and the relative motion of the water to the bead (Riedle 
and Machan 1972). 
The equation for King's law mentioned previously establishes 
the relationship between the power input needed to maintain a 
constant temperature above ambient, and the water velocity.  The 
equation is as follows: 
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N=(c1Vn+c_)(T -T )F 1   2  s m 
Where N=power input, c.,c , and n are constants for the system 
(circuit), V=velocity, T =temperature of the medium, 
ra 
T =temperature of the solid (probe), and F=surface area of the 
s 
probe.  If T -T  (6 C) is kept constant, and all other values are 
s m 
constant, then power input is dependent solely on the velocity 
(Forstner and Rutzler 1969, Riedle and Machan 1972).  In this 
2 
case the voltage reading wa3 used instead of N, substituting U /R 
for N (N=IU, I=U/R; I=current, U=voltage, R=resistance) and 
yielding velocity in terms of voltage; 
V - ( u2/R   _e  )1/n v
 " 
v
 F(T -T )/Cl   2 ; s m  1 
The probe was connected to a wheatstone bridge in the 
circuit diagramed in Appendix 2, after LaBarbera and Vogel (1976) 
and Vogel (1981) with some alterations. The circuit was 
temperature compensated under the guidelines^d,escribed in Vogel 
(1981) which is detailed in Appendix 1.  Once the circuit was 
temperature compensated it was calibrated (Appendix 1) in a 
lucite flow trough (fig. 4,part 1) set in the experimental 
channel, by using a polaroid camera and a strobe to get multiple 
images of a floating marker.  In this manner the velocity in the 
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channel was determined for each probe reading.  Two calibration 
runs were combined to get the calibration line in figure 6, which 
was obatained through linear regression analysis. The 
calibration line was used throughout the rest of the experiment 
to determine the velocity for the measured probe readings. 
Procedure for the Experimental Stream 
Five trials were performed.  As mentioned previously, the 
light:dark cycle was 14:10, and the water temperature was 19.5 C- 
20 C.  The velocity ranges for the trials were obtained by 
opening or closing the two gate valves (fig. 4,part 2, K).  Prior 
to putting the caddisflies in the experimental channel, 42 
velocity measurements were taken with the velocity probe in 
identical locations for each trial (fig. 7).  In this way the 
velocities offered to the larvae upon entering the stream were 
known.  This was done to differentiate between the velocities 
available and those utilized by the larvae to spin the nets.  The 
42 positions were chosen on the basis of net spinning in 
preliminary trials, and field observations.  The number of 
velocity measurements was chosen so that all possible net- 
spinning sites had velocity readings.  No net was buiJLt^ more than 
6mm away from a velocity measurement.  Fifty larvae were added to 
the experimental stream late in the afternoon for each trial. 
The nets were usually spun within 24 hours and the following 
day the positions of the nets were noted and marked on the 
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PROBE READING 
25 ^0 
FIGURE b.  Graph of the calibration line for the micro- 
current velocity probe: vertical bars represent 
errors for individual velocity measurements, 
and horizontal bars represent errors in indi- 
vidual probe readings (voltage), 
logY-1.28X-1.48 
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schematized stream (fig. 7), along with the corresponding 
velocity. The nets were photographed with the flow stopped the 
day afer they appeared, when they were most visible.  The 
photographs were taken with a Canon AE-1 camera and an extension 
tube to enlarge the image (maximum enlargement possible is 1:1). 
The film used was Ektachrome 200, the shutter speed was 2 seconds 
and the F/stops ranged from 5.6 to 11.  The camera was mounted on 
a bar over the stream that could be moved to any position over 
the experimental channel.  A wire, 1.563mm in diameter was placed 
at the same focal depth as the net 30 that the magnification of 
the picture was known.  Illumination was provided by two high 
intensity lamps.  The nets were photographed in the water to 
obtain a more realistic measurement of the nets in-situ.  All but 
one of the net characteristics was measured directly from the 
slide. The nets were divided into two regions based on function 
(Appendix 5): the peripheral region U3ed for support, and the 
central region used for food collection.  The lengths and widths 
of the peripheral and central meshes were measured under a 
dissecting microscope fitted with an ocular micrometer, along a 
transect running lengthwise down the center of the net.  The 
magnification of each picture was determined by the ratio of the 
diameter of the wire (measured by the ocular micrometer) in the 
picture to the known diameter.  The central meshes were also 
measured along a transect through the central region and 
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FIGURE 7.  Schematization of experimental channel:  the 
numbered outlined shapes represent the posi- 
tions of the rocks in the stream, and the 
numbered V's represent the positions of the 
42 microcurrent velocity measurements. 
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perpendicular  to the  first.'   A mean  length and  width were 
calculated from the meshes and from these the mean mesh area was 
calculated for both regions (Appendix 3).    The total  surface area 
of the net,  and the area of the peripheral and central regions 
were calculated by projecting the net pictures on a screen of 
graph paper. 
Once the pictures were taken, the nets were removed with 
irris. scissors and  forceps and placed on a glass slide with 
glycerine and a coverslip.    Although little success was achieved 
in removing the nets without distortion, the double thread 
diameter could be measured even if the net was clumped on the 
slide.     A compond microscope with an ocular micrometer  was used 
to measure the thread diameter.    The measured net characteristics 
(peripheral net area, central net area, ratio of the peripheral 
to central area  (P/C),  total surface area, area of a single mean 
peripheral mesh,  area of a single central mesh, and thread 
diameter)  and the corresponding velocities are listed  in  Appendix 
3. 
After the nets were removed, the larvae corresponding to 
each net were placed in numbered vials with 80% ethyl alcohol. 
The larvae were identified to genus using Wiggens (1977) and to 
species using Schuster and Etnier (1978).  The head widths across 
S 
and including the eyes were measured using a dissecting 
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microscope with an ocular micrometer, and were used to determine 
instar groupings  (Mackay  1978).    The head widths are also listed 
in Appendix 3. 
Statistical Analysis 
"  '   ' ' i i ■ ■ ■ ■ ■ ■    e__ 
Net charcteristics measured in the pictures and from the 
nets themselves were plotted with respect to head width and 
velocity (figs. 8 through 20). Correlation analysis was 
performed on allr plot3 to determine the association between the 
net characteristics and the two varying.factors, head width and 
microcurrent velocity (Freund 1973, Hamburg 1974, Mendenhall 
1979. Sokal and Rohlf 198U,,„ :.The significance of the correlation 
coefficient (r) wa3 determined withjjhe t-statistic (Freund 1973. 
Sokal and Rohlf 1981). Model 1 linear regression (Sokal and 
Rohlf 1981) could not be used since all variables were subject to 
error and the velocity and head widths were considered random 
varables (Freund 1973, Sokal and Rohlf 1981).  The linear 
regression line (slope and y-intercept listed in table 1) was 
i 
calculated only to obtain the correlation coefficient (r) and the 
2 
coeficient of determination (r ), and was fitted to the 
—.<b 
associations only where r was found to be significant.  The line 
was not U3ed as a predictive tool but only to visualize the 
percent association between the two variables.  The calculations 
for the correlation analysis were performed on a Texas 
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2 
Instruments TI-55 hand calculator. The values for r, r   ,  slope 
and y-intercept are listed in table 1. 
The number of nets and the number of velocities per ,5cm/sec 
velocity interval starting at 1.5cm/sec were plotted as frequency 
histograms (figs 21,22,23).  The difference between the velocity 
*>  frequency and the net frequency was analyzed using the G-test for 
goodness of fit (Sokal and Rohlf 1981).  The net frequency was 
normalized to account for inconsistencies in the number of times 
a velocity was offered in all of the trials.  Normalization was 
accomplished by dividing the number of nets by the number of 
velocity measurements in each interval and then dividing by the 
total number of nets.  Calculations for the G-test were done on 
the TI-55 calculator. 
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Results 
The results will be presented in three sections. The first 
section will cover general observations on the larvae made during 
this study.  The second section will present the relationships 
between the nets, head width and microcurrent velocity. The 
third section will present the results from the-* study of the net 
distributions with respect to microcurrent velocity. 
Observations on the Larvae 
Although the caddisfly larvae were not sorted before being 
put in the stream, Mth instar Hydropsyche morosa was the most 
abundant larvae spinning exposed nets.  The nets used in the 
correlation analysis and the frequency distributions correspond 
to these larvae.  There were a few 3rd and 5th instar H. morosa_, 
H. betteni, and H.  sparna, but they were too few to be used. 
Some of the nets were spun underneath the larger rocks in 
the stream but these nets could not be photographed, nor could 
the velocities be measured.  Larval mortality occurred at all 
velocity ranges, and the dead larvae were frequently caught in 
the nets built by other larvae.  Philipson (1969) and Fuller et 
al. 1983 also got high mortality in their experimental str.eam 
studies.  Pnilipson (1969) attributed the high mortality to the 
increased mobility of the larvae during adverse conditions, such 
as high temperature„pr low velocity, and Edington (1965,1968) 
found that larvae will move if velocity decreases.  The increased 
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mobility increases the likelihood of being dislodged by the 
current. Larval mortality in the natural environment may not be 
as high as in the experimental systems since they are more likely 
to find unoccupied sites (Philipson 1969). 
As mentioned before, the nets were spun within 24 hours 
after the organisms were put in the stream and resembled a white 
film in the water. On the second day the silk darkened, possibly 
due to the accumulation of alge which formed a brown film in the 
stream, and to some natural discoloration of the silk. The 
dwelling tubes were composed of sand, small pebbles and silk, and 
were usually well camouflaged in the substrate.  The larvae were 
positioned with the ventral side up and the head pointing 
upstream. 
Relationships Between Nets, Head Width, and Microcurrent Velocity 
The results of this section will be discussed;in three 
v*3itii,t 
■'•   '-      *■ ■ ''•'•<lv»«(-,*.W4-w 
parts.    The first part will discuss some trends' found in the net 
measurements.    The second part will present the results of the 
relationships between net characteristics and head width.     The 
last part will present the relationships between net 
characteristics and microcurrent velocity. — 
Net  Measurements 
The characteristics of each net, the species of Hydropsyche, 
the head width, and the velocity are listed in Appendix 3. There 
waa^variability in the mean lenth and  width for the  (error values 
44 
^ 
in Appendix 3) peripheral and central area of each net. The 
variability in the peripheral region was always greater than the 
central region, as would be expected since the peripheral region 
is distinguished by irregular meshes.  The areas of the mean 
peripheral mesh were always greater than the mean central mesh. 
Thread diameters were not consistent between individuals of 4th 
instar H. morosa, but there was little variation in size within 
the net and the standard errors are low. 
Net Characteristics vs. Head Width 
The measured net characteristics were analyzed with respect 
to head width since according to Kaiser (1965) mesh dimensions 
are determined by head size.  Variation found in these 
measurements therefore, might be caused by the variation in head 
sizes commonly found within instar groupings (Mackay 1978).  The 
head widths of 4th instar H. morosa ranged from .90 to 1.08mm. 
The correlation coeficients (r), the coeficients of 
2 
determination (r ), the critical and calculated t value, and the 
slope and y-intercepts for the significant associations are 
listed in Table 1.  All of the r values were low and none were 
significant (p>.05).  The results of the correlation analyses do 
not suggest that the variation in net characteristics is 
associated with head size.  For each head width there was a range 
of measured net characteristics (figs. 8 through 13). 'Since net 
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/ 
- CRITICAL CALCULATED SLOPE T-UCTERCEPT 
CASE r r t  VALUE t  VALUE 
IIIIIIIIIIIIIIEStlSIXIIIIKtllStlllSIIIFEtltllSttfllllttlBIIIllllISllltlllllllttltllllllltlStll 
Double thread, diameter 0.122      0.0119    t      r 2.021 
va. velocity .05 
Peripheral net area 0.0398 0.0016 t „,z 2.021 
va.  velocity .05' 
Central net area -0.182       0.239      t      =  1.697 
vs. velocity 
P/C va. velocity 0.361      0.132      t Q1=  1.697 
Total net surface area -0.270      0.073      t    ,r 2.021 
vs.  velocity -  •°' 
a '«'■ 
l 
central oesh vs.  velocity 
0.756 — — 
0.232 
  — 
3.21 -4.65 59.3 
2.79 0.186 -0.327 
1.73 ' __ *   «__ 
Area of a single mean 0.016       0.0021     t       = 2.021 0.276 
Area of a single mean -0.221       0.050       t       = 2.060 —1.130 
peripheral mesh vs.  velocity 
Double thread diameter 0.012      0.0018    t      = 2.021 0.256 
vs. head width *ob 
Total net surface area 0.1192    0.0112    t      r 2.021 0;750 
vs. head width "°5 
sArea of a single mean 0.1265     0.0160    t       = 2.021 -1.560 
eerftral mesh vs.  head  width 
Area of a  single mean 5.1867    0.0350     t       =  2.060 0.916 
peripheral  mesh vs  head  width/ 
Central  net area XI-1265     0.016       t       =  2.012           0.711 
vs. head  width v^ .- 
Peripheral  net area 0.1021     0.0101     t       =  2.012           0.598 
vs.  heaa  width 
,   "velocity  =  cn/sec; area   =  mm ;   headwidth   i mm;   mean  mesh   area: 
110    in   . 
TABLE 1.  Results of correlation analysis between^riet 
characteristics vs. velocity and net characteristics 
vs. head width. 
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variations were not associated with head width, perhaps they are 
associated with microcurrent velocity, {. 
Net Characteristics vs. Microcurrent Velocity 
Out of the seven relationships plotted with respect to 
velocity (figs. 14 through 20) only central net area and P/C 
(peripheral/central net area) were significantly associated 
(p£.01, table 1).  Though net surface area is believed to 
decrease with increasing surface velocity, no significant 
association was found between this characteristic and velocity 
(Table 1, fig. 14).  Peripheral net area and central net area 
were measured seperateiy with the belief that peripheral area 
(support threads) might increase with increasing velocity as the 
need to hold the net in place increases.  Peripheral net area 
(fig. 15, table 1) did not vary in any discernable pattern with 
velocity. 
The central net area was affected somewhat by velocity. 
The correlation coefficient (r=-.489 Table 1) revealed a 
significant (p£.01) negative association between central net area 
and velocity, as velocity increases the central net area 
2 decreases.  Although the relationship is significant, r 
indicates that only 24% of the variability in the central net 
area is accounted for by changes in velocity.  This low 
percentage is represented by the wide scatter of the points 
2 
around the regression line (fig. 16).  The low r suggests that 
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some other factor or factors Is contributing to 76% of the 
variability.  At the higher velocites the dragjof the net 
increases and therefore the need to decrease the central net area 
also increases*.  The P/C ratio has a significant (p£.01) positive 
association with velocity (r=.364, Table 1, fig. 17).  Out of 
the two components (peripheral net area/central net area) that 
make up the P/C ratio, only the central net area was 
significant^y^associated with velocity, and this characteristic 
is whax makes the association with velocity significant. 
/Peripheral nej^area was not significantly correlated with current 
velocity.  Since the central net area decreases with velocity, 
2 P/C would increase with velocity.  The r  is low as would be 
expected since this characteristic is derived from a significant 
and a non-significant component.  Only t35t of the variability in 
P/C is accounted for by change in velocity. 
\, None of the remaining net characteristics: double thread 
' "\ 
* i 
Idiameter, area of a mean central mesh, area of a mean peripheral 
mesh (figs. 18, 19, 20) varied in a significant pattern with 
velocity (table 1).  The results suggest that mesh and thread 
dimensions along with total and peripheral surface area, are 
affected by some factor or factors other than head width or 
58 
'A' 'V.. , ., v» *yy*\>w*?&iiir! 
80h 
w   70 
£ 
£ 60 
_. 50 
a 
*-■->•*'X , 40 
u. 
a 
< 
Ul 
a 
• 
30 — 
• 
• 
• 
• 
• 
20 - 
• • 
• 
• 
A                • 
•' 
10 • • 
• 
i- 
* 
I       I       I I      I 
•• 
I       I   -I* 
•       • 
I                I                I I               I                I 
1     2     3    4     5    6    7    8    9   10   11   12   13  14   15 
„    VELOCITY  CM/SEC 
FIGURE  18.     Graph of  the area of a single mean peripheral 
mesh   (X10~2mm2)   vs.  velocity   (cm/sec):   n=26, 
r»-.22A,   r2-.050,   pX05. 
59 
"M 
c 
fa 
00 
1 0   o 
It (B   H 
1 U>    (U 
• 3"a 
IO n" 
M •■v 
f~ x o 
w t—   Ml 
o 
n 1  rt 
M   M3- ■ a re 
• Q 
o NJ (D 
t_n ^  >"t 
O in 
«• <  P 
oi 
,T> •    o w Ml I <s 
o re  BI 
Ul i-1 
■ o en 
n  H- 
H-   3 
rt 39 
VJ    M 
re 
s~\ 
r>   0 
0    (D 
>» 01 
01   3 
re 
o T3 
^ re 
..   M. 
H- 
3   T) 
n  sr 
NI re 
Ov   H 
.   m 
AREA OF A SINGLE MEAN PERIPHERAI#JMESH XlO^MM^ 
ro CO *. in O) ->i 00 
O O o O O o o 
ro 
CO 
en 
b   o> 
n 
i °° 
n  <o 
_A 
o 
_ji 
-A 
ro 
•^ 
CO 
en 
<? 
cf 
80 
70t- 
£ 
% 60h 
i S  50- 
z 
111 
40 
30 
in 
u. 
o 
20- 
10- 
J I l * \ 
• • • 
2    3    4     5    6     7     8     9    10   11 
VELOCITY CM/SEC 
J L 
12 13 14 15 
FIGURE 19.  Graph of the area of a single mean central 
mesh (X10~2mm2) vs. velocity (cm/sec): n=38, 
r-.0A6, r2=.002, p^.05. 
60 
AREA OF A SINGLE  MEAN CENTRAL MESH XlO^Mtt2 
ON 
o 
c 
0 
n 
o 
tn   DI 
O   P" T) 
*-      =r 
•   x o 
I—   Ml ►1   o 
M   I   rt 
II     MD* 
•      0    (0 
O B ■ 
O    K50) 
K) -^ H 
n 
<   Oi 
« i-h 
O  < 
Ui (B   CD 
O    01 
n  H 
rt W 
m 
B 
ro 
Co 
en 3 
ro 
n   o 
—- n> 
..   3 
rt 
D   >-t 
n oi 
U)   M 
CO 
9 ro O CO o o en 9 9   9 00 o ■ 7 T „ 1 1 T T ' T 1 
ml 
-■ 
ro — 
CO 
• 
*> 
- / 
en 
o> 
•    • 
~4 7A • 
00 • 
- •    • 
(0 v.* •. ■* • 
—4 
o 
•t . 
• 
•    •  ••   • 
—A 
• 
CO — • 
«■ 
- • 
•1 
en - 
14- 
13 
12 
3l1 
a 
Hi 
s 
TH
RE
AD
 
b — 
- 
3 8 — • 
7 — 
e 
- 
?0i *<>•■ 
• r     • 
_i i I      i      i      l      I L J I I L 
12   3   4    5    6   7   8    9   10 12 13 14 15  16 
VELOCITY  CM/SEC 
%
-i- FIGURE 20. Graph of the double thread diameter (u) vs. 
velocity (cm/sec): n=»40, r«.122, r2-».015, 
p^..05. 
61 
o c 
pa 
pi 
N) 
o 
•a, < o 1/ n> n 
'•    t- D) 
O  O T3 
l_n  O D" 
•     H> 
rr O 
^ (-h 
•-* rr 
n ff 3  n> 
tn   D. (Ii   o 
o   C 
v^ a* 
..  t-> 
n 
U   rf 
*- IT 
O H 
- n 
B> 
H  a. ■ 
• D- 
IO  B> 
to 0 
• n> 
rt 
H n 
n 
o c (— ^ 
- < 
-+f- 
c 
m 
G n 
H 
■< 
to 
(A) 
0) 
CD g co - 
Si _k (A
R 
CO 
01 0) 
"»—I—i—I—r 
DOUBLE THREAD DIAMETER^ ^ ^ ^ 
«g 00 CD O -* N> » » 
~1—i—|—r—T—'     h^LLJ.:. '   ..I    '     I" 
/ u~^ 
/? 
s~ 
•     ••••• 
< 
velocity.    The diet of the larvae might b€ one factor affecting 
the thread and mesh dimensions. 
'•■•••» r 
Distribution of Nets With Respect to Microcurrent Velocity 
—• The -ae^end^aspeet ef- this—study—was whether thepe-4,3—some- 
selection of net-spinning sites with respect to microcurrent 
velocity.  Certain species have been known to favor specific 
surface current velocities (Philipson 1951, 1969, Edington 
1965,1968, Fuller and Mackay 1930b).  However, Haddock (1977) 
4 
found that surface current velocity was not indicative of the 
velocity at the substrate, and Fuller and Mackay (1980b) 
discovered that the nets of Hydropsyche species were spun at a 
lower velocity in the laboratory stream* than the free stream 
velocity measured in the field.  There have been no studies in 
the literature .involving the distribution of net-spinning 
Trichoptera with respect to microcurrent velocity. 
The range of microcurrent velocities offered in the five 
trials was from .6 to 18.5cm/sec.  Because anything less than 
1.5cm/sec is believed beyond the accuraov-ef••*+»-pr@be (Vogel 
1981), only velocities from 1.5cm/sec and above were considered. 
Table 2 lists the velocity range, the mean velocity available, 
the velocity range utilized by the larvae, and the mean velocity 
utilized. From this table there appears to be a difference in 
range between the velocities present and those used. 
All 4th instar H.  morosa nets were U3ed in the frequency 
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f *J        VELOCITY (CM/SEC) VELOCITY (CM/SEC) AT NET 
TRIAL 
RANGE TOTAL 
RANGE 
MEAN STANDARD 
DEVIATION 
RANGE TOTAL 
RANGE 
MEAN STANDARD 
DEVIATION 
2  ■ 
3 
5 
6 
2.9 
5.3 
3.9 
1.6 
0.6 
- 
18.5 
14.8 
13.2 
11.5 
16*8 
15.6 
9.5 
9.3 
9>9 
16.2 
8.94 + 0.88 
9.41 + 0.75 
8.65+ 0.75 
7.42 + 0.48 
7.04 + 1.16 
2.90 
2.49 
2.48 
3.22 
3-85 
2.9 - 13.0 
6.1 - 11.5 
5.8 - 11.1 
5.4 - 11.5 
3.25 
10.1 
5.4 
5.3 
6.1 
9-50 + 1.07 
8.93 + 0.64 
8.34 + 1.00 
7.96 + 2.40 
3.25 + 0.00 
2.38 
1.56 
1.86 
3.24 
TABLE 2.  C )or nparison of overall velocit y" ranges to velocity ranges at net locations. 
/ 
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distributions, including those nets that could not be used in the 
correlation analysis. The results of the G-test indicate there 
is in fact a significant difference (p£.01) between the velocity 
frequency distribution Trig".~2T}and The net-frequency 
2 
distribution (fig. 22, Critical X g.32, calculated corrected 
G=34-3). This suggests that there is some preference for certain 
microcurrent velocities, and the normalized net frequency 
distribution (fig. 23) demonstrates that most nets are spun 
between 8.5 and 11.5cm/sec. Though the velocity range offered in 
this\study was 3mall, H. morosa larvae showed "a significant 
preference for a specific velocity range. The velocities chosen 
were much lower than the 75cm/sec measured for the surface 
current velocity at the sampling site, which indicates that 
surface current velocity is not an adequate representation of the 
preferred velocity. 
6M 
Discussion 
There are two possible strategies that net-spinning 
caddisflies could utilize to cope with varying microcurrent 
 Areloolti«3-3o that-food^eapfcupe is maximized and—net damage is 
minimized.  One method is to keep net characteristics constant 
and preferentially choose certain velocites at which the net 
functions best.  A second method is to utilize a range of 
velocites but vary the net design accordingly.  The results of 
this study suggest that H. morosa utilizes both strategies to 
some extent, changing net design and selee.tin.g, velocities. 
The significant difference between the net frequency and 
velocity frequency distributions indicates that the larvae are 
selecting certain microcurrent velocities (8.5-11.5cm/sec, figs. 
21,22,23) in which to spin nets.  The microcurrent velocities in 
i*5*      the experimental stream had a range of 9-16cm/sec for any one 
valve setting. Several other Investigators have observed a 
preference by net-spinning caddisflies for surface current 
velocities. Oswood (1976) found 72V of the Hydrop3yche 
occidentalis larvae occupied a velocity range of 60-74cm/sec, 
p whereas 22$ and 26J of H.  cockerelli and Cheumatopsyche gracilis 
were found in this range.  Cudney and Wallace (1980) identified 
three surface current velocity ranges occupied by differenct sets 
of caddisflies.  Edington (1965) observed an increase in net 
spinning for H. lnstabilis from 20* at 10cm/sec to 73% at 
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20cm/sec.     Philipson (1969)  found more nets were built at 
UOcm/sec than 20cm/sec for  H.  instabllls.    Although no previous 
studies have examined the relationship between caddi3fly net 
 building.and.mieracurrent velecity. one would expect site 
selection at the microhabitat level to be even moire tightly ' 
coupled to microcurrent velocity.    The results of this study 
suggest that H. morosa does preferentially select certain 
microcurrent velocities for net building. 
A relationship between microcurrent velocity and caddisfly 
distribution was not proposed until recently.    Prior to this, 
the availability of different size  food particles for which 
certain mesh sizes are designed to capture, was believed to be 
^important in determining what caddisflies would be found In a 
river  system.     Larger meshes capture larger  particles which are 
carried by faster currents and smaller meshes capture smaller 
particles found  in slower currents (Alstad   1982,  Benke and 
Wallace   T980,  Fuller  and Mackay  1980b,  Georgian and Wallace   1981, 
Hauer and  Stanford  1982,  Scott   1958,  Thorp  1983t Wallace et 
al.1977i  Wiggens   1977).   tHowever, since there is a wide 
distribution in the particle, sizes found in the guts of larvae 
despite the mesh size,  and since food  is rarely limiting  (Fuller 
and Mackay  1980b,  Mackay and Hynes   1983.  Georgian and Wallace. 
1981,  Haefner  and Wallace  1981,  Hildrew and  Edington  1979,   Parker 
and Voshell  1983.  Thorp  1983),  Fuller  et al.  (1983) proposed that 
69 '  *     ■ 
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the factor determining larval distribution was mlcrocurrent 
velocity.   «• ... '     » 
Once a net building site has been selected, H. morosa also 
appear to respond to mieroeuppent veleeiAy-by—altering the  
characteristics of their nets (central net area, fig. 16). 
Velocity accounted for 24J of the variation in central net area 
2 (Table 1).  Though the r was low it may account for a large 
percentage of the variability, depending on how many factors are 
contributing to the other 76%.  The adaptive significance for 
the observed trend may involve the increased resistance caused by 
the greater density of threads in this area.  Changing the area 
of the peripheral meshes should not be necessary since this area 
has a lower density of threads (larger meshes)and thus causes 
le3s resistance to flow.  The decrease in central net area with 
increasing microcurrent velocity is more pronounced if one 
observes only the maximira central net area values (Fig. 16).  The 
;■ -;• r'est of the net design might be somewhat fluid as long as an 
adjustment is made in the central net area.  Although the 
central net is used for food collection, a decrease in the 
feeding surface should nbt decrease the feeding efficiency of the 
r 
larvae at faster  velocities,  since the volume of,water  tflifcered 
is a product of the velocity and the surface area.    The volume 
filtered  should remain about the same if there is an appropriate 
increase  in velocity for  the decrease in surface area. 
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Variability in net construction was found in this study that 
could not be attributed to head width, microcurrent velocity 
(except for central net area, fig. 16,figs. 14,15,18,19,20), or 
the two controlled factors^ ehotQperio.4 and water temperature. 
Prevoius studies suggest that several other environmental factors 
may contribute to the variability in net construction.  Kaiser 
(1965) suggested that net characteristics such as mesh size, 
thread diameter and total surface area were dependent on head 
width.  No mesh or thread dimensions were found in the literature 
for H. raorosa.  The range i in silk diameters for the 4th instar 
alone was from 4.7 to 12u (Appendix 3).  Since thread diameters 
are rarely 3tated in the literature, it is unknown whether a 
range of sizes within an instar has ever been noted.  Many 
investigators have in fact observed an increase in these 
characteristics with instar (Cuffney and Minshall 1981, Williams 
and Hynes 1973» Wallace 1975b).  No investigations have been done 
concerning net variation within the range of head widths found in 
an instar.  This study found no association between the head 
widtn and net characteristics within an instar. 
Malas and Wallace (1977) and Cuffney and Minshall (1981) 
were the first investigators to note different mesh sizes within 
instars of Hydropsyche and Arctopsyche respectively in different 
geographic locations.  Philipson (1969) and Fuller and Mackay 
(1980) observed that nets of larger surface areas were spun at 
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warmer temperatures. Fremllng (1960) observed a decrease In the 
total net surface area with Increasing surface current velocity. 
This trend was in reference to the distribution of species with 
different rret sizes in a river system; Total surfaee area in the 
present study was not found to vary in a distinct pattern with 
microcurrent velocity. Microcurrent velocity, which should have 
a greater influence on the larvae than the surface current 
velocity, does not appear to affect the total surface area within 
a species and instar^ The failure of this study to find a trend 
in total net surface area (fig. 1M) could be due to the fact that 
previous studies were concerned with surface velocities not 
microcurrent velocities.  It is possible that streams with 
different surface current velocities will carry different sizes 
and/or types of food particles.  The total net surface area, 
therefore, might be more strongly associated with surface current 
velocity and the particulate matter it carries.  The 
relationships between total net surface area and the microcurrent 
velocities might be masked by the larger veloctiy measurements. 
Many of the trends in mesh and surface area refer to genera and 
not to species and instar; no studies have delt with species and 
instar specific microhabitat requirements.  The factors 
previously considered to have some effect on net characteristics 
(velocity, head width) were not found to be significantly 
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associated with the variations found  in the net design, except 
for the association between central net area and velocity. 
Several other  possible factors which were not considered in 
the present study may affect net-3pinning.    One possible factor 
that is rarely mentioned  in the literature except in Fremling 
(1960)  and Rharae and Stewart  (1976)  is the characteristic of the 
spinning site itself.    The larvae might be building a net that 
best fits in the crevice in which they are spinning.    Surface 
characteristics of the rocks   (roughness etc.) may also be 
involved.    Appendix  4 lists groups of nets that were found  in the 
same location in different trials.     Although there were too few 
nets  in these common sites for  statistical  analysis, the numbers 
do not suggest that the spinning site is a controlling  factor 
since the nets of common  sites do have a wide range in sizes. 
Variation in net construction between and within individuals 
of the same species may also account  for  some of the net 
variability.     A similar  situation was found  in another net 
spinner  (web-spinner),  the spider.     Eberhard  (197D  while 
studying the orb-web builder  Uloborus di<versus 
(Araneae:Ulobri'dae)   in  Arizona, discovered  that in those 
individuals that occupied the same/site for  several days, the 
  ,._1';,./. --.'„,.,,  
designs of successive webs (these spiders frequently build a new 
V 
net each day and discard the old silk) often changed 
substantially.  The average difference between the largest and 
73 
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smallest web3 of a single Individual was 75cm , or an average 
range of 52%.  A similar size change was also observed under 
laboratory conditions.. This variation within individual spiders 
suggests the presence of War iations 1>etween> individual spiders, \ 
and suggests a plausible explanation for the variation found in 
the nets of this study. 
The net variability could have been caused by factors 
unaccounted for in this 3tudy.  Other aspects of flow, such as 
turbulence and eddying may be1 important in the design of the net. 
Lastly, it is quite possible that the range of microcurrent 
velocities provided by the pump in this study, 1.5-18cm/sec, was 
not high enough to distinguish net changes with velocity. 
The net characteristics measured in this study were those 
most frequently utilized in the literature.  Net characteristics 
other than the central net area, such as the angle between the 
net and the substrate, may also vary with microcurrent velocity. 
There were some limitations with the methodology employed in 
this study. .Nets have never been measured in-situ through the 
use of photography, which is subject to,- some distortion.  The 
water surface also made it difficult to get near enough to the 
net to obtain the maximum enlargement.  Ideally, an' underwater 
camera set-up would yield the least distortion.  Other 
investigators have not listed variability in mean mesh sizes, but 
due to the fairly large variability found for mean mesh 
74 
to 
dimensions,  the validity of using a mean mesh as a representative 
measurement is questionable though this is what has been used in 
the past  (Edington  1968,  Georgian and Wallace  1981, Malas and 
Wallace  1979,   Parker  and~Voahell  1983'.  Wallace and Halas  1976,  
Wallace and Sherberger  1$7H,   1975,  Wallaeee£ al.   1977). ' j  
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Future Research 
This study revealed several areas that need„further 
Investigation with regard to net-spinning in caddi3flies. An 
important piece of missing information is that relating to the 
silk structure and physical properties.  Silk is the strongest of 
the protein fibers and can elongate to 10% of its length before 
breaking (Senti 1947). This elasticity may also contribute some 
error to the mesh measurements determined from photographs taken 
with the water off to prevent blurring of*the picture at the slow 
shutter speed.  The moving water would distend the,.jrs^t and 
cause an increase in the mesh dimensions.  Caddisfly silk has a 
slightly different composition from the silk of Bombyx mori, and 
is believed to be adapted to the aquatic environment (Engster 
1976a and b). The amorphous region responsible for the elastic 
quality of the silk made up a larger portion of the total silk of 
the limnephilid caddisflies studied by Engster (1976a "and b) than 
the silk of Botohyx mori (Fraser and MacRae 19731 Lucas et al. 
1958, Senti 1947).  The mesh dimensions and the net itself are       ^ 
unlikely to be static in size and configuration, but should have 
some flexibility in the water.  The strength and elasticity of 
the fiber may be important in the design of the nets. .Perhaps 
'.. .   > ■■      i *   
the criss-crossing of the threads is just a more stable means of 
suspending the threads in the water without tearing. 
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Individual variation in net-spinning is< unknown in 
caddisflies. The larvae in this study were only allowed to spin 
once before being removed. Since ulobrid spiders have been found 
to spin different nets~Tn succession, "perRaps hydr&psycftia"larvae 
spin different nets if forced to move from one location to 
another? 
No work to date has investigated the flow pattern through 
the nets.  The volume of water filtered has been estimated by 
Wallace (1975), but the actual amount of water flowing through 
and around the net is unknown.  A study of the flow pattern 
through the net may yield some information on how nets are 
designed for different flows and food capture. 
This study attempted to simulate as near as possible natural 
conditons in the environment. The next step is to convert the 
microvelocity probe to one for outdoor U3e, and establish whether 
the preference found for microcurrent velocity exists in the 
natural environment. 
Some of the possible controlling factors for net 
configuration such as size and roughness of the rocks, size of 
the crevice etc., could be controlled by providing the larvae 
1
 with a uniform substrate.  This might eliminate the substrate as 
a factor and focus on how different flow regimes affect net 
structure. 
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A method of measuring the nets directly in the water subject 
to less error than photography would be advantageous. Measuring 
the nets in-situ may prove valuable since deformation of the net 
may be an important means by which it can persist in the 
environment. 
» 
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Conclusions 
Head width did not have a significant association with any 
of the measured net characteristics. Of the 7 net 
characteristics measured, only central net area 
varied significantly with velocity.  The negative relationship 
between microcurrent velocity and central net area is believed to 
be in response to the increased r-esistanoe of the smaller meshes 
in this area as the velocity increases. Only 2M% of the 
variation in this charcteristic could be associated with changes 
in microcurrent velocites, suggesting 76% is associated with 
other factors.  The other characteristics; area of a single mean 
peripheral and central mesh, peripheral and total net surface 
area, and thread diameter, did not have a significant association 
with microcurrent velocity. These characteristics may be more 
flexible within a range of velocities, than central net area. 
The variations found in all the net characteristics but 
central net area were not associated with head width, velocity, 
photoperiod or temperature. One of the possible controlling 
factors is that of individual variation found between larvae, 
similar to that found in ulobrid spiders.  Other possible 
controlling factors are: characteristics of the spinning site, 
and flexibility within a range set by the species.''   * 
The frequency distributions of the nets and velocities 
suggest that H. moro3a preferentially select certain microcurrent 
79 
velocities. These caddisflies therefore utilize two strategies 
for coping with variations in microcurrent velocity. The first 
strategy is to keep certain net characteristic constant, but 
preferentially select velocities at which they function best. 
The second strategy is to utilize a range of velocities and alter 
net characteristics accordingly. 
J» 
£ 
80 
Literature Cited 
Aim,  G.   1925.  Beitrage zur  Kenntnls der netz-spinnenden 
Trichopter'en-larven in Schweden.  Int.  Rev.  Hydrobiol. 
14:233-275. 
Alstad,  P.  N.   1982.  Current speed and  filtration rate link 
caddisfly phylogeny and distributional patterns on a stream 
gradient.  Science 216(4545):533-534. 
Ambrose,   E.   J.,   Bamford,  C.   H.,   Elliot,  A.,   Hanby, W.   E.   1951. 
Water-soluble silk: an alpha-protein.  Nature   167:264-265. 
Anderson,  N.  H.   1974.   Observations on the biology and laboratory 
rearing of P3erdostenophylax edwards! 
(Trichoptera:Limnephilidae).  Can.   J.  Zool.   52(1):7-13. 
 and  Cummins,  K.  W.   1979.   Influence of diet on the life 
histories of aquatic  insects.  Can.   J^Fish.  Aquat.  Sci. 
36:335-342. 
Benke,   A.  C,  Wallace,  J.  B.   1980.  Trophic basis of production 
among net-spinning caddisflies in a southern Appalachian 
stream.     Ecology 61 (1):108-118. 
Bradt,   P.   T.   1974.  The ecology of the benthic macroinvertebrate 
fauna of the Bushkill  Creek,  Northampton County, 
—      Pennsylvania.   PH.   D .Dissertation.   182pp. 
Cudney,  M.   D.,  Wallace,   J.   B.   1980.  Life cycles, 
microdistribution and production dynamics of 6 species of 
net-spinning caddisflies in a large southeastern river. 
•>Holarct.  Ecol.   3(3): 169-182. 
Cuffney,  T. F.,  Minshall,  G. W.   1981.  Life history and bionomics 
of Arctopsyche grandi3  (Trichoptera)   in a central  Idaho 
stream.  Holarct.  Ecol.   4:252-262. 
81 
Decamps,  H.,   Besch, W.   K.,   Vobbis,  H.   1973.   Influence de prodults 
toxiques sur  la construction du filet des larves 
d'Hydropsyche  (Insecta,  Trichoptera). Compte.  Rendu. de 
l'Academie. des.  Sciences,  Paris,  Serie D.  276:375-378. 
Department of the Army.   1972.  Philadelphia District,  Corps of 
engineers flood plain information- Bushkill Creek vicinity 
of Easton,  Pennsylvania.  Philadelphia,  Pa.  26pp. 
Dobb, M.  G.,  Fraser,   R.   D.   B., McRae, T.   P.   1967.  The fine 
structure of silk fibroin.  J.  Cell.  Biol.   32:289-295. 
Eberhard,  W.  G.   1971.   The ecology of the web of Uloboru3 dlversus 
(Araneae:Ulobridae).  Oecologia 6:328-342. 
<& 
Edington,   J.  M.   1965.   The effect of water  flow on populations of 
net spinning  Trichoptera. Mitt.  int.  Vereln.  Theor.  Ahgew. 
Limnol.   13:40-48. 
  1968.  Habitat preferences in net-spinning caddis larvae with 
special reference to the influence of wafer -velocity.   J. 
Anim.   Ecol.   36:675-692. 
—— and Molyneux,   L.   1960.   Portable water velocity meter.   J. 
Sclent.   Instrum.   27:455-457. 
Engster,  M.  S.   1976a.   Studies on  silk secretion in the 
Trichoptera (F:Liranephilidae):  I.  Histology, histochemistry, 
and ultrastructure of the silk glands.   J.  Morphol. 
150(1):183-211. 
  1976b.  Studies on silk secretion in the Trichoptera 
(F:Limnephilidae):   II.  Structure and araino acid composition 
of the silk.  Cell Tissue Res.   169(1):77-92. 
Fprstner,  H.,   Rutzler,   K.   1969.   Two temperature-compgasated 
thermistor current meters for use in marine ecology.   J. 
•Marine  Research 27(2):263-271. - 
82 
Fraser,  R.D.B.,  MacRae,  T.P.   1973.  Conformation in fibrous 
proteins and related synthetic polypeptides.  New York. 
Academic  Press. 
Fremling,  C.R.   1960.  Biology and possible control of nuisance 
caddisflies of the upper Mississippi  River.  Res. Bull.   Iowa 
Agr.  Home Econ.  Exp.  Stn.  483:356-379. 
Freund,  J.  E.   1973.  Modern elementary statistics.   4th ed. 
Prentice-Hall,   Inc.  Englewood Cliffs,   N.J.   532pp. 
Fuller,   R.  L.,  Mackay,   R.J.   1980a. Field and  laboratory studies 
of net-spinning activity by Hydropsyche larvae 
(Trichoptera:Hydropsychidae).   Can.   J.  Zool.   58(11):2006- 
2014. 
  1980b. Feeding ecology of 3 species of Hydropsyche 
(Trichoptera:Hydropsychidae)   in southern  Ontario.   Can.   J. 
Zool.   58:2239-2251. 
   1981.   Effects of food quality on the growth of 3 Hydropsyche 
species  (Trichoptera:Hydropsychidae).   Can.   J.  Zool. 
59(6):1133-1140. 
— and  Hynes,  H.   B.   N.   1983.  Seston capture by Hydropsyche 
betteni nets  (Tridhoptera:Hydropsychidae).  Arch.   Hydrobiol. 
97:251-261. 
Gallepp,  G.   1974.   Diel  periodicity in the behavior of the 
caddisfly Brachycentrus americanus  (Banks).  Freshwater  Biol, 
4(2):193-204. 
Georgian,  T.   J.,  Wallace,   J.  B.   1981.   A model of seston capture 
by net-spinning caddisflies.  Oikos  36:147-157. 
Gessner,  F.   1950.   Die okologische B^deutung der  Stromungs 
geschwingdigkeit flies3ender  Gewasser  und ihre Me3sung auf 
Kleinstem Raum.  Arch.   Hydrobiol.   43:159-=65. 
83 
Glass,  L.  W.,  Bovbjerg,   R.   1969.  Density and dispersion in 
laboratory populations of caddisfly larvae 
(Cheumatopsyche;Hydrop3ychldae). Ecology 50:1082-1084. 
Gordon,  A.   E.,  Wallace,   J.  B.   1975.  Distribution of the 
Hydropsychidae  (Trichoptera)  in the Savannah River    Basin of 
North Carolina,  South Carolina and Georgia.  Hydrobiologia 
46:405-423. 
Gray,  L.   J., Ward,   J.   V.   1979.  Food habits of stream benthos at 
sites of differing food availibllity.  Am. Midi.  Nat. 
102:157-167. 
Haddock,   J.   D.   1977.   The effect of stream current velocity on the 
habitat preference of a net-spinning caddisfly larva, 
Hydropsyche oslari,  Banks.  Pan-Pac.  Entomol.  53(3): 169-174. 
Hamburg, M.   1974.  Basic statistics: A modern approach.  2nd ed. 
Harcourt Brace  Joyanovich,   Inc.  N.Y.   496pp. 
Hauer,  F.   R.,  Stanford,   J.   A.   1981.   Larval specialization and 
phenotypic variation in Arctopsyche grandis 
(Trichoptera:Hydropsychidae).  Ecology 62(3):645-653. 
— 1982a.  Ecological responses of hydropsychid caddisflies to 
stream regulation.   Can.   J.  Fish.  Aquat.   Sci.   39(9):1235- 
1242. 
Hildrew,  A.  G.,   Edington,/J.  My 1979. Factors facilitating the 
coexistance of hydropsychid caddis larvae  (Trichoptera)  in 
the same river  system J.   Anim.  Ecol.  48:557-576. 
Hiro.  M.   1956.   Ecological  studies pf Hydropsyche in  Japan.  Proc. 
10th internat.  Congr.  Entomol.  2:770-780. 
Howard,  L.  0.   1886.   Report of the entomologist, Wash. p510. 
—— 1888.  Insect book. p204-205. 
84 
>-<,. 
Howell, D. A., Voshell, J. R. Jr. 1982. The effects of body 
weight and temperature on the metabolic rate of Hydropsyche 
venularis (Trichoptera:Hydropsyehidae). Comp. Biochem. 
Physiol. A. Comp. Physiol. 71(3):101-406. 
Hynes, H. B. N. 1970a. The ecology of stream insects. Ann. Rev. 
of Entomol. 15:25-42. 
  1970b. The ecology of running waters. University of Toronto 
Pres3. 555pp. 
Imhof,   J.   G.   A.,   Harrison,   A.  D.   1981.  Survival of Diplectrona 
modesta  (Trichoptera:Hydropsychidae)   during short periods of 
desiccation. 
\  
"tfaiser,  P.   1965.   Uber  netzbau und Stromungssinn bei der Larven 
der  Gattung Hydropsyche Pict.  Intern.   Rev.  Ges.  Hydrobiol. 
Hydrogr.   50:169-224. i,. 
LaBarbera,  M.,   Vogel,  S.   1976.  An inexpensive thermistor 
flowmeter  for  aquatic biology.  Limnol.  Oceanogr.  21:750-756. 
Koslucher,  D.   G.,  Minshall,  G. W.   1973.  Food habits of some 
benthic invertebrates in a northern cool-desert stream (Deep 
Creek,  Curlew Valley,   Idaho-Utah).  Transactions,   Am. 
Microscop.   Soc.   92:441-452. 
Lucas,  F.,  Shaw,   J.   T.  B.,   Smith,  S.  G.   1958.   The silk fibroins. 
Adv.   Protein  Chem.   13:107-242. 
Malas,   D.  M.,  Wallace,   J.   B.   1977.   Strategies for coexistance in 
3 species of caddisflies (Trichoptera)   in  second order 
southern  Appalacian streams.  Can.   J.   Zool.   55:1829-1840. 
Malicky, H. 1980. Evidence for seasonal migrations of larvae of 
two specis of philopotamid caddis flies (Trichoptera) in a 
Mt.   Stream in lower  Austria.  Aquat.   Insects.   2(3):153-160. 
85 
,*? 
Marcus,  B.  A.   1981.   Hydropsyche larvae 
(Trichoptera:Hydropsychidae)  from a lake weedbed.  J.  N.Y. 
Entomo.  Soc.  89(1):56-58. 
Marinkovic-Gospodnetic, M.   1966.  The distribution of the 
caddisflies populations in a small mountain stream.  Verh, 
Int.  Ver.  Theor.  Angew.  Limnol.   16:1693-1695. 
Martin,  M. M.,   Kukor,  J.   J.,  Martin,  J.   S.,  Lawson,   D.  L., 
Merritt,  R. W.   1981.  Digestive enzymes of larvae of three 
species of caddis flies (Trichoptera).  Insect.  Biochera. 
11(5):501-506. ; 
McCelland, „W.  T.,  Brusvem,  M.  A.   1981.   Effects of sedimentation 
on the behavior  and distribution of riffle insects in a 
laboratory stream.  Aquatic    insects  2(3):161-169. 
McCullough,  D.   A.,  Minshall,  G.W.,  Cushing.C.E.   1979. 
Bioenergetics of lotic  filter-feeding insects Simulium spp. 
(Diptera)' and  Hydropsyche occidentalis  (Trichoptera)   and 
their  function in controlling organic transport in streams. 
Ecology 60(3):585-596. 
If 
Mecom, J. 0. 197?. Feeding, habits of Trichoptera in a mountain 
stream. Oikos 23:401-407.. 
Mendenhall, W. 1979. Introduction to probability and statistics. 
5th ed. Duxbury Press, North Scituate, Mass. 
Mercer, E. H. 1951. Formation of the silk fibre by the silkworm. 
Nature 168:792-793. 
' Neill, R. M. 1938. The food and feeding of the brown trout (Salmo 
trutta L.) in relation to the organic environment. Trans. 
Roy. Soc. Edin. 59:481-520. 
Norri3, W. E. Jr., Arnold, C. R., Edwards, S. W. 1964. Oxygen 
consumption by caddisfly larvae. Tex. Jour. Sci 16(1):72-79. 
86 
>i 
Noyes, A.  A.   1914.  The biology of net-spinning Trichoptera of 
Cascadilla Creek.  Ann.  Ent.  Soc.  Amer.  7:251-276. 
Oswood, M.  W.   1976.  Comparative life histories of the 
Hydropsychidae  (Trichoptera)  in a Montana lake outlet.  Am. 
Midi.  Nat.  96(2):493-497. 
  1979.  Abundance patterns of filter-feeding caddisflies 
(Trichoptera:Hydropsychidae)  and  sesEon in    Montana  (U.S.A) 
lake outlet.  Hydrobiologia 63(2):177-183. 
  1980.   Abundance patterns of filter-feeding caddi3flies and 
seston in    Montana lake outlet.  Hydroblolobia 63(2):177-183. 
Parker, C. R., Voshellj J. R. 1982. Life histories of some 
filter-feeding Trichoptera in Virginia. Can. J. Zool. 
60(7):1732-1742. 
  1983.  Production of filter-feeding Trichoptera in an 
impounded and a free-flowing river.  Can.  J. Zool.  61(1):70- 
87. 
Peter sen,  L.  B,r M.,   Peter sen, R.  C,   Jr.  1983.- Anomalies. In - 
hydropsychid capture nets from polluted streams. Freshwater 
Biology  13:185-192. 
Philipson,  G.  N.   1953-.-The larva and pupa of Hydrop3yche 
instabilis Curtis  (Trichoptera:Hydropsychidae).  Proc.  Roy. 
Ent.   Soc.  Lond.   (A)  28:17-23. 
  1954.  The effect of water  flow and oxygen concentration on 
six  species of caddis fly (Trichoptera)   larvae.   Proc.  Zool. 
 " '   Soc.  Lond.   124:547-564. 
1969.  Some factors affecting the net-spinning of the caddis 
fly Hydropsyche instabilis Curtis  (Trichoptera, 
Hydropsychidae).  Hydrobiologia 34:369-77. 
87 
Ramsden, W. 1938. Coagulation by shearing and by freezing. 
Nature. 142:1120-1121. 
Resh, V. H. 1975. A distributional study of the caddisflies of 
Kentucky. Trans Ky. Acad Sci. 36(1/2):6-16. 
Rhame, R. E., Stewart, k. W. 1976. Life" cycles and food habits of 
three Hydropsychidae (Trichoptera) species in the Brazos 
River, Texas. Trans. Am. Entomol. Soc. 103:65-99. 
Riedl, R. J., Machan, R. 1972. Hydrodynamic patterns of lotic 
sand3 and their bioclimatological. implications. Mar. Biol. 
13:179-209. 
Roback, S.S. 1962. Environmental requirements of Trichoptera 
p118-126. In Tarzwell, CM., 3rd Seminar in biol. problems 
in water pollution. USPH. S. Publ. #999-WP-25.424pp. 
Ross, H. H. 1956. Evolution and classification of the mountain 
caddisflies. Th* University of Illinois Press, Urbana. 
213PP* 
  1964. Evplution of caddis worm cases and nets. Amer. Zool. 
4(2):'209-220. 
Rubenstein,  D.   I.,   Koehl, M.   A.   R.   1977.  The mechanisms of filter 
feeding: some theoretical considerations.   Am.  Nat.   111:981--. 
994. 
Scott,   D.   1958.   Ecological  studies on the Trichoptera of the 
River   Dean,  Cheshire.  Arch.  Hy^robiol.   54:340-392. 
Sattler,  A.   1955.   Uber  den  Netzbau der  larvae von Hydrop3yghe 
angu3tlpennis Curt.  Naturwissen Schaften 42:186-187. 
  1963.   Die Larven und  Puppenbauten von  Diplectrona felix 
McLach (Trichoptera).  Zool.  Anz.   170:53-55. 
88 
Senti, F.  C.   1977.  Structure of protein fibers.  Amer.  Dyestuff 
Reporter 36:230-237. 
Slack,  H.  D.   1936.  The  food of caddisfly (Trichoptera)  larvae.  J. 
Anim.  Ecol.  5:105-115. 
Slobodehikoff,  C.  N.,  Parrott,  J.  E.,   1977.  Seasonal diversity in 
aquatic insect communities in an all-year  stream system. 
Hydrobiologia 52   (2/3):143-151. 
Sokal,  R.R.,  Rohlf,  F.   J.   1981.  Biometry.   2nd.  ed. W.  H.  Freeman 
and  Co.  San  Fransisco.   859pp. 
Sutcliffe,  D. W.   1961a.  Studies on salt and water balance in 
caddis larvae (Trichoptera):   I.  Osmotic and ionic regulation 
of body fluids in  Limnephilusaffinis .'Curtis.   J.  Exp.  Biol. 
38(3):501-519. 
1961b.  Studies on salt and water balance in caddis larvae 
(Trichoptera):   II.  Osmotic and ionic regulation t>f body 
fluids in Limnephllus stigma Curtis and Anabolia nervosa 
Leach.  J.   Exp.  Biol.   38(3):521-530. 
1962.   Studies on  salt and water balance in caddis larvae 
(Trichoptera):  III.  Drinking and excretion.  J.  Exptl. Biol, 
39(D:141-160: 
Svensson,  B.   1973. Flight periods, ovarian maturation and mating 
in Trichoptera at a South Swedish stream.  Oikos 23(3):370- 
383. 
Thorp,  J.  H.   1983.  An evaluation of hypotheses on the 
evolutionary differentiation of catchnet3 in net-spinning 
caddisflies (Hydropsychidae).  Oikos  40:308-312. 
Tobias, W.   1967.  Concerning the rhythm of emergence of 
caddisflies (Trichoptera):   Oikos ■ 18(1):55-75. 
89 
Vogel,  S.   1981.  Life in moving fluids.  Wlllard Grant  Press. 
Boston, Mass.   352pp. 
Wallace,  j. B.   1975a. Food partitioning in net-spinning 
Trichoptera larvae:Hydrop3yche vennularis,  Cheumatopsyohe 
etrona, and Macronema zetiratum.  Ann.  Entomol.  Soc.  Am. 
68:163-72. 
1975b.  The larval retreat and food of Arctopsyehe, with 
phylpgenetic notes on feeding adaptations in Hydropsychidae 
larvae  (Trichoptera).  Ann.  Entomol.  Soc.  Am.  68:167-173. 
and Malas,  D.   1976.  The significance of the elongate, 
rectangular mesh found in capture nets of fine particle 
filter  feeding Trichoptera larvae.  Arch.  Hydrobiol.  77:205- 
212. 
 and Merritt,   R. "W.   198.0. Filter-feeding ecology of aquatic 
insects.   Ann.   Rev.   Entomol.   25:103-132. 
and  Sherberger,  F.  F.   1974.   The larval retreat and  feeding 
net of Macronema Carolina Banks 
(Trichoptera:Hydropsychidae).  Hydrobiologia 45(2-3):177-184. 
1975.  The larval dwelling and feeding structure of Macronema 
transver3um '(Walker)   (Trichoptera:Hydropsychidae).   Anim. 
Behav.   23:592-596. 
Webster,   J.   R., Woodall, W.   R.   ,1977.  The role of filter 
feeders in flowing waters.   Arch.   Hydrobiol.  79(4):506-532. 
Welch,   P.   S.   1948.   Limnological methods.   Philadelphia. 
Wesenberg-Lund,  C.   1911.  Biologische 3tudien uber netsspinnende 
Trichopteren lar^en.   Internat.  Rev. der Ge3amten hydrobiol. 
und Hydrogr. p1-63. 
90 
Wiggens,  G. B.   1973.  A contribution to the biology of caddlsflles 
(Trlchoptera)  in temporary pools.  R.  Ont. Mu3. Life.  Sci. 
Contrlb.   88:1-28. 
  1977.  Larvae of the North American caddlsfly genera 
(Trlchoptera).  Univ. of Toronto Press,  Toronto. 
Williams, N. E., Hynes, H. B. N. 1973. Microdistribution and ""' 
feeding of the net-spinning caddlsflles (Trlchoptera) of a 
Canadian stream.  Oikos  21:73-8.4. 
  and Williams,  D.  A.   1980.  Distribution and feeding records 
of the caddis-flies  (Trlchoptera) of the Matamek River 
region,  Quebec,  Canada.   Can.   J.  Zool.   57(12):2402-2412. 
Young,  R. et al.   1972.  Environmental baseline study of the 
Bushki-11. Creek.  National Science Foundation sponsored 
undergraduate research, Lafayette College*. Bushklll Creek 
Project, unpublished.' 
91 
\ 
r 
v.«r 
Appendix 1 
Construction of Probe, Circuit and Calibration 
Flow velocity was measured by a self-heated thermistor probe 
run at 6 C above ambient.  A Fenwal UUD21J1 thermistor was used 
X for the velocity probe (flow sensor, fig.  5,part  1) and a UUA35J 
was used  for  the flow insensitive, temperature compensating 
reference probe (fig.  5,part 2).     Both thermistors were less than 
2.4mm in diameter.     A .63mm diameter  steel  wire  (fig.   5,part   1, 
B,  part 2,   C)  was coated  with clear epoxy cement  (fig.     5,part 
1,C)  and then cemented to the exposed tip of the thermistor  with 
another coat of clear epoxy.    The thermistor leads (fig.  5,part 
2,   C)  were bent to conform to the steel wire which served as a 
support.     Tne support wire was  inserted between the insulated    -»- 
wires in the brass support  (fig.  5, part  1 and 2 E) and the 
thermistor  leads lying along 3ide it were soldered to the ends of 
t the wires in the brass support tube.     A final thin coat of epoxy 
was then applied to  the steel support wire and the thermistor 
leads, but not    the thermistor bead.     Once the epoxy had  set, a 
thin layer of silicon rubber aquarium cement was applied on top 
of the epoxy to provide a  waterproof sheath.    The reference probe 
was surrounded by a brass shell   (fig.   5,part 2,       A), thus njaking 
it  insensitive to water  flow. 
The constant temperature control circuit  (Appendix 2) was, 
with a few minor adjustments,  like that described by Vogel 
■ •■■■> 
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(1981). All adjustable resistors were miniature 15 turn cermet 
pot3 and the bridge resistors R. and R- were M metal film 
resistor, all of which had a low thermal drift. The bridge 
current was displayed by a milliameter, MA, and the velocity    
dependent voltage by a 3.5 digit digital volt meter (DVM). 
Temperature compensation (after Vogel, 1981, and LaBarbera and 
Vogel 1976) over a range from 15 to 25 C was achieved for a no- 
flow bridge current of about 25ma (producing a 6 C temperature 
excess above ambient in the velocity probe ) by setting the 
values of R and Ry so that the bridge would be in balance 
(thermally compensated ) at water temperatures of 15 C and 25 C. 
These temperatures were chosen because they were the extreme high 
and low possible in the system, which was maintained at 19.5- 
o * 20 C during the experiments.  The final adjustments to achieve 
temperature compensation were made using a pair of water baths at 
temperatures of 15 C and 20 C.  The two probes were immersed in 
each in turn and the DVM readings noted.  R_ and Rj, were then 
adjusted in a systematic way between further immersions until the 
reading on the DVM did not change by more than 2 parts in 500 
when the probes were shifted from one bath to the other. 
Once temperature compensation was achieved, the microcurrent 
probe system was calibrated using the.lucite calibration flow 
channel pictured in figure 4 part 1.  This channel was placed in 
the experimental channel (fig. 4, part 2, G). The upstream end 
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of the calibration channel was provided with a 2.5cm deep screen 
of plastic soda straws (fig. 4,part 1,A) to straighten and smooth 
the flow. A range of flow velocities was achieved by adjusting 
the two gate valves (fig. 4, part 2,K). The flow velocity was 
measured photographically by recording the successive positions 
of a .5cm marker di3k (punched from .2cm thick plastic foam 
sheets) which was placed on the surface of the water at the 
entrance of the calibration flow channel. The subsequent 
position of the marker was recorded photographically. The flash 
lamp illumination was provided by a General Radia Type 1531-AB 
3trobatac.  Crossed polaroids between the strobatac and the 
camera lens reduced reflection glare from the surface of the 
water.  The velocity probe wa3 stationed about 30cm downstream 
from the entrance to the lucite channel. 
Before a velocity probe reading was taken, a zero flow probe 
reading was obtained by immersing the probe in a 150ml water 
filled beaker, located at H of part 2 in figure 4 next ta~the 
reference probe. The stationary water in the beaker was at 
thermal equilibrium with the water flowing through the system and 
provided no-flow readings for the DVM.  The velocity probe was 
allowed to settle at a zero value, which was recorded before and 
after each photograph.  The zero flow readings agreed to better 
than 2 parts in 200. 
9U 
The DVM flow readings for the velocity probe were 
insensitive to the angular orientation of the probe as long as 
the probe wa3 aligned within + 20 of the flow direction. The 
readings were also insensitive to the depth of the probe beneath 
the water surface, provided that the themistor was completely 
covered, and was at least several bead diameters away from the 
substrate. The independence of the probe readings with depth 
suggests that the flow in the calibration channel was turbulent 
(a large velocity gradient existed only near the channel walls). 
Tne visual appearance of the flow also suggested that it was 
turbulent. 
The velocity for each photograph was calculated from the 
mean distance between the marker images and the time interval set 
by the strobe (RVM).  The mean zero probe reading was subtracted 
from the probe reading in the flowing water to get the true 
ft   .... 
voltage reading for each photographed velocity.    The. velocity 
versus probe reading values were then graphed on semi-log paper 
(fig.  6).    The results.of two calibration runs were plotted 
together  and a linear regression was performed on the points 
(using a Texas  Instruments TI-55 hand calculator)   to establish 
the calibration line.     The error bars for velocity indicate the 
variability in velocity for the picture, the error bars for the 
probe readings indicate the consistency of the zero reading and 
the reproducability of the reading at each velocity,  since two 
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pictures were taken for each flow valve setting. The calibration 
line was considered to be a good fit due to the closeness of the—* 
point3 around the line. 
96 © 
APPENDIX 2.  Diagram of the circuit used for the micro- 
current velocity probe: MA^roilliameter, 
DVM»di«ital volt meter. 
97 
r~V%<!0 
Net     '„ T5N10     T6N1      T5N1      T4N18 
Hydropsyche sp. H. morosa H. morosa H. morosa H. morosa 
Head width (mm) 1.14 .96 1.14 .66 
Velocity (cm/sec) 2.55 3.25 " 5.4 5.8 
2 
Total net surface area (mm ) 24.9 ' .1.16.5 22.04 14.2 
Mean thread diameter (u) 11.2+.1 8.0+1.1 12.0+.7 8.6+.8 
.Mean central mesh (u) 147+28X 
191+26 
217+40X 
338+51 
221+67X 
479+82 
261X 
359+64 
Area of a single   .   ^ 
mean central mesh (mm ) 
2i81X10-2 7.33X10"2 - 1.05X10"1 9.37X10"2 
Mean peripheral mesh (u) 412+'162X 
82 3+162 
489+182X 
860+228 
    
Area of a single mean 
peripheral mesh (mm ) 
3.39X10"1 4,2X10     
2 Central net area (mm ) 24.20 . 85.61 17.98 8.59 
  2 
Peripheral net area (mm T .487 30.890 4.060 5.610 
y Ratio of peripheral to central 
net area (P/C) 
.020 .361 .226 .653 
• 4th instar used in statistical analysis. 
APPENDIX 3- List of net characteristics for individual larvae. 
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Net T3N21     T3N25     T2N15 T5N5 
Hydropsyche sp. H. morosa H. morosa H. morosa H. morosa 
Head width (mm) 1.05      .99       1.05   • 1.14 
Velocity (cm/sec) 6.1       6.1       6.25 6.4 
Total net surface area (mm )  27.6  .   6.68      11.43 12.4 
Mean thread diameter (u)      6.9+.9    8.5+.6    11.7+.8 
Mean central mesh (u) 128+17X   T       —,- 208X 
176+21          -» 334+55 
_ ___^_ _._ „_. _5_ 
Area of a single 2.25X10           6.95X10 
mean central mesh (mm ) 
Mean "periphe.ral .mesh Ju)      298X    .        486+180X 
298      —--   ""■■■'____ 938+118 
 _ __ _5_ 
Area of a single mean        8.88X10   --—       8.75X10 
peripheral mesh (mm ) 
Central ngt area (mm ) .   .   13.000    4.650    '  4.550 
Peripheral net area (mm )    ' 14.600    2.030      7.850 
Rati.o of peripheral to central 1.12      .437       1.730 
net area (P/C) 
* 4th" instar used in statistical analysis. 
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Net I- -      T4N1 T4N11 T4N2 T4N8 
Hydropsyche sp. H. morosa H. morosa H. morosa H. morosa 
Head width (mm) 1.08 .90 .96 .96 
Velocity (cm/sec) 6.5 6.5 7.2 7.4 
.___  2 
Total net surface area (mm )  76.7 67.5 17.9 15.18 
Mean thread diameter (u)      9.4+0 8.6+.9 9.9+1.0   
Mean central mesh (u) 318+56X 105+T0X 86+13X 143+23X 
405+56 161+24  ---125+21 204+24 
Area of a single 1.29X10-1 1.69X10"2 1.08X10*2 2.92X10 
mean central mesh (mm ) 
Mean peripheral mesh (u)       335+127X 206+24X 319+79X 
 666+226 251+15 1538+1427 
Area of a single mean         2.23X10-1 5.17X10-2 4.91X10-1 
peripheral .mesh (mm ) v 
Central net area (mm2)       56.090 55.600 10.110 7.860 
Peripheral net area (mm )     20.61.0 11.910 7.790 7-320 
Ratio of peripheral to central .367 .214 .750 .931 
net area (P/C) 
* 4th instar used in statistical analysis. 
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Net                        T4N10     T4N6 T3N1 T2N12 
Hydropsyche sp.              H. morosa H. morosa H. morosa H. morosa 
 c*.  
Head width (mm)             1.05      .90 .96 .96 
__- . —»  
Velocity (cm/sec)           7.4      7.4 7-4 7.6 
_ _. 
Total net surface area (mm )  33.2      11.23 14.03   
Mean thread diameter (u)      8.5+.6    8.4+1.1 11.7+1 8.8+1 
Mean central mesh (u)         448+50X   73+7X 122+14X  
899+142   83+16 167+9   
Area of a single            4.03X10-1  6.06X10-3 2.04X10-2   
mean central mesh (mm ) 
Mean peripheral mesh (u)      478+112X    185+45X   
14 98+321   2^4+64   
Area of a single mean        7.16X10     4.70X19"   
peripheral mesh (mm ) •_ 
Central net area (mm2)        23.700    6.240 5.780   
Peripheral net area (mm2)      59.480   4.990 8.250   
Ratio of peripheral to central  .400     .799 1.430   
net area (P/C)  ""'■■ . :   ;. ■ 
* 4th instar used in statistical analysis. 
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Net T4N13 T5N7 T3N28 T2N8 
Hydropsyche sp. H. morosa H. morosa H. sparna H. morosa 
Head width (mm) .96 .96 .78 " .75 
Velocity (cm/sec) 7.8 8.0 8.1 8.1 
Total net surface area (mm ) 17.3 46.9 11.6 51.4 
Mean thread diameter (u) 8.9+1 7.3+1. .3 9.1*2.1 
  
Mean central mesh (u) 221+39X 
310+21 
235+69X 
391+68 
175+20X 
206+30 
176+22X 
200+22 
Area of a single    ? 
mean central mesh (mm ) 
6.85X10" -2 9.19X10 3.61X10' -2 m
'° 
Mean peripheral me^sh (u)   313X 
886+102 
329X 
329 
411X 
823 
Area of a single mean 
peripheral mesh (mm ) 
  2.27X10 1.08X10" -1 3-38X10"T 
2 
Central net area (mm ) 9.090 40.000 6.990 45.970 
2""" 
Peripheral net area (mm ) 8.2m 6.700 4.070 5.430 
Ratio of peripheral to cen 
net area (P/C) 
itral .903 .168 .582 .118 
* 4th instar used in statistical analysis. 
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Net T3N14 T3N17 T3N30 T3N35 
*~       ————————    ————————    —————————————————————————————— 
Hydropsyche sp. M* roorosa H. morosa H. morosa H. morosa 
Head width (mm) .96      .96 .96 1.08 
Velocity (cm/sec) 8.6      8.6 8.6 8.6 
p~ Total net surface area (mm )         80.3 26.6 22.8 
Mean thread diameter (u)           9+.8 11.3+2.1 9.3+.2 
Mean central mesh (u)              65+6X 176+58X 124+27X 
      82+5 274+63 148+26 
Area-, of a single        5-30X10"3 4.82X10-2 1.84X10 
mean centra^, mesh (mm ) 
/   ____——— —————_—„— —— —————___——_——————___—___—__—_ 
Mean peripheral mesh (u)           66+15X 391X 289+109X 
(138+14 586    " 707+44 
Area of a single mean               9.11X10-3 2.29X°10~1 2.O4X10-1 
peripheral mesh (mm ) 
Central net area (mm2)             43.830 17.100 12.050 
Peripheral net area (mm )          36.470 9.490 10.030 
Ratio of peripheral to central      .832 .555   ' .832" . 
net area (P/C) 
* 4th instar used in statistical analysis. 
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Net      " T2N19*!    T2N20* T2N25* T3N20* 
Hydropsyche sp. H. morpsa ' H. morosa H. morosa H. morosa 
Head width (mm) .90      .90 .96 .90 
Velocity (cm/sec) 9.0       9.2 9.2 9.2 
Total net surface area (mm )  52.3 (22.8 9.81 18.16 
Mean thread diameter (u)      10.2+1    9-3+2.7   9.3+1 
Mean central mesh (u) 100+18X   174+30X 127+35X 247+44X . 
IT^      198+31 157+9 311+14 
Area of a single 1.74X10 '2 3.4X10-2 1.99X10-2 7.68X10-2 
mean central mesh (mm ) & 
Mean peripheral mesh (u)      298+128X  608+124X   342+96X 
645+666   970+315  585+383 
Area ;af a single mean        1.92X10-1  5.9X10"   2.01X10 
peripheral mesh (mm ) 
Central net area (mm2)       23.310    9.490 11.800 8.670 
 , £ -~  
Peripheral net area (mm )     29.000    20.330 12.210 9.490 
Ratio of peripheral to central 1,240    -2.14 1.03 1.090 
net area (P/C)    ' ' 
* 4th instar used in statistical analysis. 
APPENDIX 3. Continued. ,„. 
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«°Net T3N13 T3N18 T3N32 T3N33 
Hydropsyche sp. , H. morosa H. morosa H. morosa H. morosa 
'Head width (mm) 1.08 .96 1.05 .90 
Velocity (cm/sec) 9-3 9-3 9-3 9.3 
Total net surface area (mm2)  83.74 1Y- -M 9-16 1.8.0 
Mean.thread diameter (u)      9.4+0 9.4+0 "6.7+.8 9.7+.7 
Mean central mesh (u) 187+18X 97+15X 309+40X 152+8X 
_ -     • 247+54 145+12 395+43 169+8 
Area of a single 4.67X10-2 1.41X10-2 1.22X10-1 2.57X10-2 
mean central mesh (mm ) 
Mean peripheral mesh (u)      348+107X 366+346X   • 141+57X 
608+143 1090+1714  186+138 
Area of a single mean        2.12X10-1 4.02X10-2   2.62X10-2 
peripheral mesh (mm ) 
  Central net area (mm2)        33.600 6.560 4.010 3.580 
Peripheral net area (mm2)     50.140 10.840 5.150 144420 
IJ 1 .  
Ratio of peripheral  to  central   1.49 1.650 1.280 4.030 
net  area   (P/C) 
___ _ w —*^-c: 
* 4th instar used in statistical analysis. 
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Net                        T3N34     T2N1 T.2N3 T2N16 
Hydropsyche sp. H.  morosa H. morosa ti.  morosa H. morosa 
Head width (mm)             .75      .90 .96 .96 
Velocity (cm/sec)           9.3      9.4 9.4 9-4 
Total net surface area (mm )   W.7       45.02 63-63 
Mean thread diameter (u)      12.5+0      9.2+.5 10+1 
Wean central mesh (u)        125X       ' 228+64X , 125X 
208       293   if 198+18 
__ . z^— z*- 
Area of a single            2.6X10      6.68X10 2.48X10 
mean central mesh (mm ) 
j.—; Til-——-—. —  
Mean peripheral mesh (u)             309+85X 449+91X i 
       456+63 572+79 
Area of a single mean               1.41X10-1 2.57X10-1 
peripheral mesh (mm ) —-- 
Central net area (mm )               '  "7.390 27.300 
Peripheral net area, (mm )            37.630 36.320 
Ratio of peripheral to central        5.090 1.330 
net area (P/C) 
* 4th instar used in statistical analysis. 
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Net                        T2N18 T2N23 T5N12   , T5N6 
Hydropsyche sp. M* roorosa H.« morosa H. betteni H. morosa 
Head width (mm)             1.05 .90 1.20 1.17 
Velocity (cm/sec)            9.4. 9.4 9-7 9.7 
Total: net surface area (mm )    5.41 23-9 20.7 
Mean thread diameter (u)       8.9+-9 10.3+1.6" 10.9+.6 
Mean central mesh (u)        —— 123+10X 154+35X 278+.9X 
 141+15 183+42 439+46 
Area of a single             1.73X10-2 2.81X10 1.22X.10-1 
mean central mesh (mm ) 
—C; • ■  
Mean peripheral mesh (u)             
__ _ ____ __     ^ 
Area of a single mean       "  
peripheral mesh (mm ) 
Central net area (mm2)        ——      3.550     22.540    17.360 
Peripheral net area (mm2)      '    1.860     1.360     3-340 
Ratio of peripheral to central        .524      .060      .196 
jiet area (P/C) 
 --— ___^ 
* 4th instar used in statistical analysis. 
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Net T4N20     T3N2      T3N29     T5N2 
Hydropsyche sp. H. betteni H. morosa H. morosa H. morosa 
Head width (mm) 1.20 .90 • 96 .69 
Velocity (cm/sec) 9.9 10.1 10.2 10.4 
Total net surface area (mm ) 10.4 21.34 30.95 31.7 
Mean thread diameter (u) 9 • 8+1 9.8+.9 9.2+.4 11.3+1.1 
Mean central mesh (u) 201+53X 
334+137 
893X 
893 
120X 
140+17 
110+25X 
185+28 
Area of a single    _ 
mean central mesh (mm ) 
6.7X10 7.97X10"* 1.68X10"2 2.04X10"2 
Mean peripheral mesh (u)   
_  
180+118X 
421+18 
  
Area of a single mean 
peripheral mesh (mm ) 
    7.58X10"2   
2 Central net area (mm ) 3.850 7.110 10.180 24.650 
2 
Peripheral net area (mm ) 6.550 14.220 20.770 7.050 
Ratio of peripheral to central 
net area (P/C) 
1.700 2.000 2.040 . 286  ' 
* 4th instar used in statistical analysis, 
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Net                        T4N17 T3N8 T2N11 T3N12 
Hydropsyche sp.              H. morosa H. morosa H. morosa H. morosa 
Head width (mm)            * .99 '.90 . .90 .96 
Velocity (cm/sec)            10.5 10.5 10.5 . 11.0 
Total net surface area (mm )   18.5 11.02 6.35 15.8 
Mean thread diameter (u)      9-4+0 9.7+1.1 6.8+1. 10.7+1.2 
Mean central mesh (u)         135+21X 228+53X 142+20X 165+22X 
189+25 272+_38 156 216+31 
Area of a single             2.55X10-2 6.20X10-2 2.22X10-2 3-56X10"2    * 
mean central mesh (mm ) ^ Q 
Mean peripheral mesh Cu)„  „250X ——  ,1.82+5.1X 335+J3X  
375  '234 1098+316 
Area of a single mean        9.38X10-2   4.26X10 3.68X10"1 
peripheral mesh (mm ) 
'<?! 
.X- ..— + 
Central net area (mm2)       6.730     4.350  "**      7.390 
Peripheral net area (mm )     11.770    6.670            8.410 
Ratio of peripheral to central 1.750     1.530           1.120 
net area (P/C) 
* 4th instar used in statistical analysis. 
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Net                         TUN 12 T4N4 T2N2 T3N6 
Hydropsyche sp.             t-H'. morosa H. morosa H. morosa H. morosa 
Head width (mm)              1.05 .90 .90' 1.05 
Velocity (cm/sec)            11.0 11.1 11*.5 11.5 
_ 
Total net surface area (mm )  4.61 18.6 47.5 24.57 
Mean thread diameter (u)      9.1+.5  ~ 4.7*.6 10+1.6 
Mean central mesh (u)        .182+51X 108X 252X 280+2OX 
260+51 162 444+55 365+51 
Area of a single             4.73X10-2 1.75X10-2 1.12X10-1 1.02X10-1 
mean central mesh (mm ) 
 L _ . ^_  
Mean peripheral mesh (u)       162X ,   39IX 
 252+10  7V7+383 
Area of a single mean         4.08X10-2   2/.80X10-1 
peripheral mesh (mm )                                r-" " 
^ _ j 
Central net area (mm )        2.170   -r 8.310 
Peripheral net area (mm )     2.440     16.260 
Ratio of peripheral to central 1.120   --— 1.960 
net area (P/C) 
* 4th instar used in statistical analysis. 
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Net'             /         T3N36*    T5N11*    T2N9* T2N5* 
Hydropsyche sp.^/           H. morosa H. morosa H.   morosa  H. mpr'osa 
Head width (mm)              1.05     ->.96 .1.05 .90 
Velocity (cm/sec)            11.5      11.5-     12.5 13.0 
Total net surface area (mm )  53.60     44.HO     22.5 41.73 
__________________——__—•___________________________________________________ 
Mean thread diameter (u)      13.1+1.2  9.0+1.2   7.3+.5 12.5+0 
Mean central mesh (u)        205+20X   83+17X    208X 165X 
324+31    147+5     261+69 224+20 
_ ,    
Area of a single        *-   6.64X10   1.22X10   5.43X10 3-70X10 
mean central mesh (mm )                    ' 
Mean peripheral mesh (u)      387+139X          485+88X 
_ > 521 + 154       658+83 
Area of a single me^n        2.02X10-1         3-19X10-1 
peripheral mesh (mm ) 
.„„„  
Central net area, (mm )        25.100 '   31.730      14.630 
_                         _ . 
Peripheral net area (mm )     34.420    12.670      27.100 
Ratioof peripheral to central 1.370 ,^,  '.399  ,   -- -- , 1.850 
net area (P/C) 
1 —;  
* 4th instar used in statistical analysis. 
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Net T2N13 
Hydropsyche sp. H. betteni 
Head width (mm) 1.20 
Velocity (cm/sec) 13.0 
Total net surface area (mm ,s> 15.05 
Mean thread diameter (u) 9.8+1.1 
Mean central mesh (u) 245+15X 
300+11 i 
Area of a single 
mean central mesh (mm ) 
7.35X10"2 
- 
Mean peripheral mesh (u) 
  • 
- 
Area of a single mean 
peripheral mesh (mm ) 
  
2 
Central net area (mm ) 
. 
1.520 * 
2 
Peripheral net area (mm ) 13.530 
Ratio of peripheral to central 
net area (P/C) 
8.900 
* 1th instar used in statistical analysis, 
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KET TOTAL MET HEAD MEAN MEAN CENTRAL PERIPHERAL 
MUHBKfi SURFACE SIZE CENTRAL PERHIPHERAL NET »ET 
AREA MESH HESH AREA AREA 
2 2 
US yipi 
2 2 
nxt 2 mo 2 ■B 
T2N20 22.b 0.90 174 
x 19b 
*  • 50 
51 
606  ♦   124 
x 970 ~ 315 
9.49 20.33 
T4N10 33-2 1.05 448 ♦ 1 50 478 ♦  112 23.70 9.49 
x 899 ♦142 X1498 ♦ 321 
T3N13 83.7 1.0b 187 ♦ ib 348 ♦  107 8.67 9.41 
* 
x 247 ♦ 1 54 x 648  *_ 143 
T4N1b 14.2 0.66 261 
x 359 
♦ 0 
64 
_-  8.59 5.61 
T5N10 24.9 1.14 147 
x 191 
♦ 26 
26 
469  ♦  162 
x 860  ♦_ 12b 
85.61 30.69 
T2N26 31 .b — 2,60 
x 291 
25 
23 
494  ♦ 246 
x 631   ♦  142 
7.30 15.49 
T4N2 17.9 0.96 86 
x 125 
13 
21 
206  -    24 
x 251  1    15 
10.40 7.79 
T2Nb 51.4 0.75 176 
x 200 ♦ 
22 
22 
411   ♦      0 
x 823  ♦       0 
45.97 55.43 
T3N33 1b.0 0.90 152 
x 169 ♦ 
e 
8 
141   ♦    57 
x 1b6  ♦  156 
3-58 14.42 
T5N6 20.7 1.17 276^   1   17.36 3.34 
T2M9 22.5 1.05 206 
x 261 
♦ 0 
69 
  
~ -- 
T3N19 11.92 1.06 112 
x 199 
* 16 
25 
266 ♦    56 
x 572 z. !56 
7.85 4.07 
T3N17 80.3 0.96 65 
x    b2 
6 
5 
66 ♦    15 
x  138  ♦     14 
43.69 36.47 
T4N6 11.23 0.90 73 
x    83 
7 
16 
«—_ 6.24 4.99 
T2N15 11.43 1.05       
T4N13 17.3 0.96 221 ♦ 39   9-09 6.21 
**i x1310 + 21   
T5N1 22.04 1.14* 221 
x 479 
67 
82 :::: 
17.&1 4.06 
T2N5 41.73 — 165 
x 224 
+ 
+ 
0 
20 # 
4b5  *     68 
x 658  ♦     63 
14.65 27.10 
T2N1J 15.05 1 .20 245 
x 300 
+ 
+ 
15 
11 
t 
:::: 
1.52 13.5.3 
T2Mb b3.63 0.9b 125 
x  19b 
+ 0 
1b 
449 *■ 91 
x 572   ♦    79 
27.30 , 36.32 
T3N16 17.40 0.9b 97 
x  145 ♦ 
15 
12 
36b  ♦   346 
x  120  ♦     '7 
6.56 10.64 
\* Dashed line separates each net site. 
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PERIPHERAL 
Appendix  5. Figure of net in-situ in experimental stream 
with the peripheral and central net regions 
designated. 
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